Google 


This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 


PROPERTY OF 


j^ m P R O P t R 1 Y OF ym 

midngan 


Jmms^ 


» S»7 



ARTES SCIENTIA VERtTA< 



ifi 


** 


T?T T7^nmT>T/>tTmv ^TT?nn?i3a 


NET BOOK — This book is supplied to the 
Trade on terms which will not allow of Discount 
to the Public. 

CHARLES GRIFFIN & CO., LTD. 


ELECTRICITY METERS. 


BOOKS SUITABLE FOR ELECTRICAL 
ENGINEERS AND OTHERS. 

OENTRAL ELEOTRIOAL STATIONS : Their Design, Organisation, and 
MaDagement. By CHAS. H. WOBDINOHAM, A.E.C., MJnjt.C.E., M.I.MeduE. SBOOHD 
Editiom. Eeyiaed. Large 8vo. With Platea, DiagraxDB, and Figures. Price 24g. net. 
" The Tolume will be studied with eagerness and appreciation."— iStotttafc Sleetridan. 

ELEOTRIOITY OONTROL: A Treatise on Electricity Switchgear and 
iSystems of TransmisBion. By LEONARD ANDREWS, M.I.E.E. Large 8vo. Fully Illus- 
trated. Price 12t. Od. net. 

ELEOTRIOAL RULES AND TABLES: For the use of Electricians and 
Engineers. By JOHN MUNRO, C.B., and Pbofbssor JAMIESON, M.InstO.E., FJLS.E. 
Sbybntbenth Edition. Pocket size. With numerous Diagrams. In Leather. Price 8s. 6d. 
" Wonderfully perfect Worthy of the highest commendation."— i?^<riewBn. 

ELEOTRIOAL PRAOTICE IN COLLIERIES. By D. BURNS, M.E., 
M.Inst.M.E. A book for Colliery Managers, Engineers, and Students. SKOOxn Edition. 
Crown 8vo. Handsome cloth. With numerous Illustrations. Price 7s. 6d. net 
"Excellent, both in style and substance."— Ototgrou^ Herald. 

ELEOTRO-METALLURQY: Embracing the application of Electrolysis to 

the Plating, Depositing, Smelting, and Refining of various MetsJs, and to the Reproduction 

of Printing Surfaces and Art Work. By WALTER G. MCMILLAN, F.I.C., F.C.S. Skcond 

Edition. Revised and Enlarged. Large Crown Svo. Price 10s. 6d. 

"An excellent treatise . . . one of the bkbt and most ooxplets manuals."— ffMtriooZ Review. 

ELECTRIC SMELTING AND REFINING: A Practical Manual of the 
Extraction and Treatment of Metals by the Electrical Methods. By Db W. BORCHEBA. 
Translated by W. O. MoMILLAN, F.I.C., F.C.S. Large 8vo. Handsome doth. Sboond 
Edition. Thoroughly Revised and Enlarged. 21s. net. 

WIRELESS TELEGRAPHY: By Dr GUSTAV EICHHORN. In Large 
8vo. Handsome Cloth. With 79 Illustrations. 

LUBRICATION AND LUBRICANTS: A Treatise on the Theory and 
Practice of Lubrication. By LEONARD ARCHBUTT, F.I.C., F.C.S., and R. MOUNTFORD 
DEELEY,M.LMech.E., F.G.S. Sbcond EDITION. Revised. Large Svo. Cloth. Illustrated. 
" DB8TINED TO BBOOMB A CLASSIC on the subJect."— ifufu«tr»e« and Iron. 

ENGINE ROOM PRACTICE: By JOHNG.LIVERSIDGE, R.N., A.M.I.G.E. 
FOUBTH IMPBBS8I0N. Large Crown Svo. With numerous Illustrations. 6s. 
" The contents cannot fail to be appreciated."— TAtf Steamship. 

VALVES AND VALVE GEARING: A Practical Text-book. By GHARLES 
HURST. FoUBTH EDITION. Thoroughly Revised and greatly Enlaiged. With several 
Folding Plates and numerous other Illustrations. lOs. 6d. 
*< Concise explanations. Illustrated with very clear diagrams and drawings, and folding 

plates .... tiie book fulfils a valuable tunciiou." —Athenceum. 

BOILERS, LAND AND MARINE: Their Gonstniction and Strength. By 
T. W. TRAILL, M.InstC.E., F.E.R.N., late Engineer Surveyor-in-Chlef to the Board of 
T^e. Third Edition. Revised and Enlarged. 12s. 6d. 
"The MOST TALUABLE WORK on Boilers publishbd in EiiQhA.VD."Shipping World. 

THE HEAT EFFICIENCY OF STEAM BOILERS: Land, Marine, 
and Locomotive. By BRYAN DONEIN, M.Inst.C.E. In 4to. Handsome cloth. Numerous 
Illustrations. 25s. 
"Probably the XOST exhaustiyb r^ume that has ever been collected. A practical book 

BY a thorouohly PRACTICAL MAN."— /ron and Coal Trades Review. 

STEAM BOILERS: Their Defects, Management, and Gonstiuction. By 
R. D. MUNRO. FOURTH EDITION. Very fully Illustrated. Cloth. 4s. 6d. 
"A valuable companion for workmen and enp;ineer8 engaged about Steam Boilers ; ouj^t to 
be carefully studied, and always at iMad."— Colliery Guardian. 

STEAM AND STEAM ENGINES: Including Turbines and Boilers. By 
ANDREW JAMIESON, M.InstC.E. With numerous Diagrams. Folding Plates, and Examina- 
tion Questions. Fourteenth Edition. Handsome cloth. 800 pages. 10s. 6d. 
"This is undoubtedly the most yaluaklb and most oomplbtb handbook of reference on 

the subject which now exists."— Jfon'ne Engineer. 

GAS, OILp AND AIR ENGINES: A Practical Text-book on Internal 
Combustion Motors. By BRYAN DONKIN, M.Inst.C.E., M.Inst. M.B. Fourth Edition. 
Revised and Enlarged. With additional Illustrations. Large Svo. Handsome doth. Sfis. net. 

"A THOROUOHLY RELIABLE and EXHAUSTIYB TREATISE."— i?n^n«er<n(/. 

SMOKE ABATEMENT : A Manual for the use of Manufacturers, Inspectors, 
Engineers, and Others. By WM. NICHOLSON. With 59 Illustrations, te. net. 
" The production of an expert .... should command the attention of all Interested in the 
subject." — County and Municipal Record. 


CHARLES GRIFFIN & CO., Ltd., 12 Exeter Street, Strand, W.C. 


ELECTRICITY METERS: 


a XTreatise 

ON 

THE GENERAL PRINCIPLES, CONSTRUCTION, AND TESTING 

OF CONTINUOUS CURRENT AND ALTERNATING 

CURRENT METERS, FOR THE USE OF 

ELECTRICAL ENGINEERS 

AND STUDENTS. 


BY 


HENRY G^SOLOMON, 

ASSOCIATE MBMBRR OF TUB IMSTXTUTIOK OF ELEOTRICAL KMOIHEBBS. 


TPOlftb 307 ^nudttatfona. 



LONDON: 

CHARLES GRIFFIN & COMPANY, LIMITED, 

EXETER STREET, STRAND. 

1906. 
[Ali Rights Reserved,] 


t NGIN. LIBRARY 


PREFACE. 


Although the electricity meter forms the most important link in the chain 
connecting the supply station with the consmner, comparatively little has 
been written on the subject in this coimtry. It is, therefore, hoped that the 
present work may supply what is wanting in this respect, and that some 
original matter may be found in the same, especially in connection with the 
limitations of three-wire meters, of single-phase meters for polyphase circuits, 
and the results obtamed with polyphase meters incorrectly installed. 

For the sake of convenience, the meters described in this book are 
divided into three main classes — viz., Continuous current. Induction, and Tariff 
meters — arranged in eight chapters, corresponding to the following eight sub- 
divisions : — Continuous current quantity meters : Continuous current energy 
motor meters (without iron in the field or armature) : Continuous current 
energy meters of different types : Continuous current meters for special 
purposes (battery, switchboard, and tram-car meters) : Single-phase and poly- 
phase induction meters : Tariff and prepayment meters. The general prin- 
ciples involved are explained in three separate chapters, which precede the 
descriptions of the meters belonging to the three main classes as stated above. 

As the proper working of a meter depends on its mechanical as well as its 
electrical design, a special chapter is added in which the more important 
mechanical features of meter construction are pointed out, only the electrical 
details being given in the actual descriptions of the various types. A 
chapter on Testing, and an introductory chapter containing a few remarks 
relating to meters in general, are also included. 

After careful consideration, it was not deemed necessary to include an 
historical survey of the evolution of the electricity meter. The general 
design of electricity meters is at the present day fairly well established, the 
improvements being more a matter of detail and mainly of a mechanical 
nature, so that no purpose is served by giving descriptions of obsolete forms 
of meters, however ingenious their construction and interesting from a purely 
historical standpoint. With the exception of those meters which form the 
basis of present-day practice, the designs were on lines which are no longer 
followed. 

The main difficulty in writing a book of this description is the well-nigh 
impossibility of keeping absolutely up to date. The author has, however, 
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VI PREFACE. 

endeavoured to embody, as far as possible, the latest improvements in the 
descriptions, and to include only those meters which are in commercial use in 
this country, on the Continent, and in America. It is not pretended that the 
list of such meters has been in any way exhausted, but it is trusted that a 
sufficient number of the more important types has been given to enable the 
reader to become conversant with the methods adopted to obtain a reliable 
and accurate commercial meter for different purposes. 

No pains have been spared to make each chapter as comprehensive and 
complete as practicable within the scope of the book, and to separate the 
mathematical principles from the purely descriptive matter. The latter is 
not possible, however, in treating polyphase meters. 

Special attention has been devoted to the detailed proofs of the power 
absorbed in a polyphase circuit, as it is not easy to deduce from the 
instantaneous values the form of the equation for the power absorbed when 
the values of the currents and pressures are those actually measured. 

In conclusion, the author begs to thank the numerous manufacturers and 
engineers, both here and abroad, who kindly supplied him with information, 
drawings and blocks, and, in many cases, submitted samples of meters for 
inspection and testing. 

H. G. SOLOMON. 


5, Victoria Street, 
We8TMIN«ter, S.W., January 1906. 
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CHAPTER I. 

Introductory and General Remarks. 

Function of an Electricity Meter — Classifications of Meters — Iinportance of Meters — Some 
Requisites of a Meter— Accuracy— Error Limits — Board of Trade Error Limits— Error 
Limits of the Physikalisch-Technische Reichsanstalt, Germany — Permanency of 
Calibration — Guarantee— Series and Shunt Losses — Criterions of a Meter — Selection of a 
Meter — Capacity of a Meter — Meters approved by the Board of Trade. 

Function of an Electricity Meter. — When a commodity is supplied to con- 
sumers for illuminating, heating, power, or other domestic purposes, it is 
necessary to accurately determine the amount of the commodity so . used, and 
for this purpose measuring instruments, called meters, are installed on the con- 
sumers' premises. In the case of an electricity supply the commodity is 
electrical energy, and the meter is then termed an electricity meter, the 
function of which is to register the electrical energy which is used in a given 
time in any circuit in which flows a current of electricity. The meter does 
not necessarily measure electrical energy direct; it measures either this 
electrical magnitude or electrical quantity. 

In either case, however, it registers in terms of the supply unit of electrical 
energy. In other words, the difference between two readings of the scale, 
dials, or counter of the registering part of the meter gives, within certain error 
limits, the amount of the electrical energy consumed in a given period in 
terms of the supply unit, generally without the use of a multiplier, the two 
readings being taken at the commencement and termination of the period 
under consideration. The supply unit in this country is the Board of Trade 
(B.O.T.) unit, one B.O.T. unit being equal to one kilowatt-hour, or 1000 watt- 
hours. In France the hectowatt-hour is largely used (one hectowatt-hour equals 
100 watt-hours), and in Germany and America the unit is the kilowatt-hour. 

Classifications of Meters. — According to the electrical magnitude to be 
measured, the instrument is termed an energy meter or a quantity meter. 

An energy meter is more usually spoken of as a watt-hour, and a quantity 
meter as an ampere-hour meter. 

As the unit of electrical energy in this country with reference to meter 
registrations is the kilowatt-hour, the term ^kilowatt-hour meter' is pre- 
ferable to the one ^watt-hour meter,* commonly used. 

The operation of an electricity meter depends on one or other of the well- 
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2 ELECTRICITY METERS. 

known thermal, chemical, and electro-magnetic properties of a current flowing 
in a conductor, and meters nmy be classified accordingly as thermal, electro- 
lytic, and electro-magnetic meters. The thermal principle is, however, only 
used in meters for specific purposes, such as maximum demand indicators. 
An electrolytic meter is essentially an ampere-hour meter, and, from the nature 
of electrolytic action, can only be used for direct currents. Electro-magnetic 
meters may be variously divided into motor meters, in which a continuous 
rotation of the moving element of the meter is produced ; meters with inter- 
mittent integration ; clock meters, in which the pendulum of a clock is acted 
upon electro-magnetically ; and oscillating meters, in which an oscillatory 
motion is produced instead of one of rotation. In general, electro-magnetic 
meters may be used both on continuous and alternating current supply net- 
works, provided they contain no iron in the electro-magnetic system used in 
the meter to produce motion or influence motion already existing. There is, 
further, an important type of meter which is based on the principle of induc- 
tion, and which is only applicable to alternating currents. Electro-magnetic 
meters may measure ampere-hours or watt-hours, but induction meters, as a 
general rule, measure energy only. 

Although more meters based on the principle of intermittent integration 
have been devised than any other type, they are not used at the present day. 

For this reason they will not be described, with the exception of the inter- 
mittent meter manufactured by the Siemcns-Schuckert Werke, who, how^ever, 
supply this type mainly for special work, as a battery or switchboard meter. 
A description of it has been included in Chapter .VI., dealing with continuous 
current meters for the registration of the outputs of lighting, powder, and 
traction systems, the charge and discharge of batteries, and the energy used 
on tram-cars. The intermittent principle is used in the Merz maximum 
demand indicator and the Aron maximum demand instrument, which belong 
to the special class of tariff meters described in Chapter XII. An inter- 
mittent meter consists usually of any type of ammeter or wattmeter in com- 
bination with a clockwork mechanism, which integrates at intervals the 
deflections of the ammeter or wattmeter. 

With reference to the system of charging, meters may be distinguished as 
maximum demand indicators, two-rate, hour, and, finally, prepayment or 
automatic slot meters. Hour meters are not electricity meters, t,e. they do 
not measure any electrical magnitude, but register the hours during which 
current flows in an installation. They are mainly used in connection with 
special tariff systems, and in this respect fonn a most important adjimct to 
the ordinary electricity meter. In certain cases they take the place of the 
latter, when the load of the circuit is constant, or approximately so, and the 
units consumed are then simply found by multiplying the product of the 
known value of the current in amperes and the pressure in volts (both sup- 
posed constant) by the number of hours, as given by the hour meter, and 
dividing the result by 1000. An hour meter consists usually of a balance 
wheel clock with an integrating dial. The clock can only go when the 
balance wheel is freed on the passage of a current, and it stops when the 
current is interrupted. 

Importance of Meters. — The whole revenue of an electricity supply 
company or corporation, derived from the sale of electrical energy, is depend- 
ent on the use of electricity meters of some type or other. The great im- 
portance of the meter will be at once manifest, not only as regards its effect 
on the revenue of the supply company, but also from the point of view of the 
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consumer, who by its aid can at any moment ascertain how many imits he 
has taken, and by multiplying this amount by the rate per unit, arrive at the 
cost of his electricity consumptioiL The meters installed in an electricity 
station enable the total energy generated to bo accurately ascertained, from 
which the losses of the particular system are easily deduced. It is not 
sufl&cient to use meters on the main bus-bars only, but each feeder, whether 
supplying current for lighting, power, or traction, should be provided with its 
own electricity meter. Moreover, the feeder meters in the station should be 
comparable with those on the circuits controlled, i.e. they should all measure 
the same electrical magnitude. The sum of the readings in units of the 
house-service meters represents the total energy sold, whatever the system. 
The difference between the sum of the feeder meter readings and this total is 
taken to represent the losses which occur. When the supply is a continuous 
current one, at approximately constant pressure, ampere-hour meters are very 
extensively used. In this case, if the feeder meters measure watt-hours and 
the house-service meters measure electrical quantity but register in units, 
then this difference will not represent the true losses. Whatever the system, 
only energy meters should be used on the bus-bars, or in the generator circuits ; 
the feeder meter should also be an energy meter, except in those cases where 
the circuits controlled by the feeder are supplied with ampere-hour meters, 
and then two meters in series should be used, the one measuring watt-hours 
and the other ampere-hours. It is most essential to be able to accurately 
determine the ratio of the units generated to the units sold, and this can only 
be satisfactorily ascertained by the aid of meters. Moreover, too many of 
these measuring instruments cannot be used, and their readings should be 
systematically taken and recorded. 

Some Bequisites of a Meter. — An electricity meter is essentially a 
commercial apparatus, and is used by every station in large quantities. It 
has to be capable of often standing comparatively rough treatment, and at 
the same time must possess the accuracy of a laboratory instrument. The 
most important of the many requisites of a good commercial electricity meter 
are — accuracy ; permanency of calibration ; reliability of working, whatever 
the nature and magnitude of the load ; low internal losses ; independence of 
temperature variations, external mechanical and magnetic disturbances; 
absence of creeping, i.e. shunt running (this latter condition applies only to 
watt-hour meters) ; low starting current ; and large overload capacity. 

A meter should, in addition, be light, portable, and of sound mechanical 
construction ; the importance of the latter cannot be over-estimated. 
Although it is a truism that the more simple a piece of apparatus, the more 
reliable it is, and the less likelihood there is of its becoming deranged, this 
is not a sufficient reason for condemning a meter the internal arrangement of 
which may be complicated, provided that the greater complexity ensure 
greater accuracy and reliability and wider range, other conditions remaining 
unaltered, and the cost be not materially increased. The advantage of the same 
meter being suitable for both alternating and direct current is one which, at 
the present day, is of very little value, as continuous current commutator 
motor meters, without iron in the field or armature, are no longer employed 
for the registration of electrical energy in alternating current circuits, having 
been superseded by the induction motor meter. Continuous current meters 
of the commutator type are in many instances still working on alternating 
current circuits, chiefly in mixed supply systems ; but even in this case, aa 
they become faulty, they are replaced by induction nieters. 
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In connection with induction meters, it is most important that they should 
be adjusted to read correctly on reasonable power factors. For ordinary 
practical purposes a limit should be imposed to the power factor of an alter- 
nating current circuit, and should not be lower than 0'5. It is also requisite 
that all current-carrying parts of a meter should be highly insulated from one 
another and from earth. The constant of an energy meter should not be 
appreciably altered by voltage fluctuations not exceeding 10 per cent, below 
or above the normal pressure. In the case of an alternating current energy 
meter the constant is, in addition, dependent on the frequency of the supply 
ciurent, and it should not be appreciably altered by a ten per cent, increase 
or decrease in the normal periodicity of the circuit. 

Whatever the merits of the electrical design of a meter, unless it be 
efficiently protected against mechanical damage, and from the access of dust, 
moisture, and insects, it will rapidly deteriorate. A meter should be as cheap 
as is compatible with the production of a reliable commercial instrument 
having a high degree of accuracy. 

Aocuracy. — It is most essential that a meter should be accurate, so that 
its registrations should represent, within reasonably small error limits, the 
actual units consimied. The same degree of accuracy cannot, however, be 
expected throughout its entire range. The accuracy obtainable depends on 
a number of factors, such as the electrical design, the precautions taken to 
eliminate as far as practicable the disturbing influences inherent to the 
different types, the principle of working of the meter, and the cost of manu- 
facture. In electrolytic meters of the shunted type, the causes which adversely 
affect the meter are — back E.M.F., a varying ratio between the shunt and 
cell circuit resistances, temperature variations, the formation of crystals, and 
the degree of purity of the electrolyte used. In motor meters the accuracy 
depends on the driving torque exerted by the eleetrical system on the moving 
element, friction (solid, or both solid and liquid), temperature variations,* 
and the constancy of the permanent magnets used, if any. 

In a motor meter, the moving element, the armature, is rotated by means 
of the driving torque (turning moment) exerted on it by the electrical system 
used, and the speed of the armature should be proportional to the power or 
current, according as the meter is of the watt-hour or ampere-hour t3rpe. 
This result is obtained by combining with the motor a suitable brake system, 
which in general consists of the well-known magnetic brake, the retarding 
torque of which is proportional to the speed. The magnetic brake consists 
of a disc which is rotated in the magnetic field produced by a permanent 
magnet. The motor meter may then be regarded as a motor generator, the 
generator being a magneUnlynamo with a short-circuited armature. The 
w*ork the motor does consists in driving the short-circuited dynamo and the 
integrating mechanism, and in overcoming the frictional resistances to motion. 
In the case of the perfect meter the whole work done by the motor is 
absorbed by the dynamo, or magnetic brake, in which case a direct ratio 
exists between the speed and the power, or current, throughout the range 
of the meter. 

The driving torque, which depends on the design of the electrical system 
used, should be made as high as possible, permitting a heavy magnetic 
drag, so that the work absorbed in overcoming friction is, by comparison, 

* For alterations in the constants of meters due to variation in temjMjrature, see G. W. D. 
Ricks, Britiih Assoeiaiion, 1896, and Hoo|)er, Electrical World (N.Y.), vol. xxi. p. 384, 
1898. 
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negligibly small. The maximum effect is aimed at with the least expenditure 
of power in the meter itself, and especiallj as regards the waste of power in 
the pressure circuit of an energy meter. In a commercial meter the straight 
line law is not obtained on account of friction, which, moreover, is not constant, 
but is of a variable nature at light loads, at which its effect is mainly felt. 
Various devices are used to render the disturbing influence of friction' negli- 
gible, and most of these are enumerated in the descriptions given of the meters. 
In the case of a watt-hour meter the driving torque depends on the practi- 
cally constant shunt field, produced by the pressure ampere-tunis of the 
meter, and on the main current field. There is, to a great extent, a 
limit imposed on the driving torque, from considerations of cost and shunt 
losses, and this should be borne in mind in connection with the unneces- 
sarily high accuracies sometimes demanded in specifications, as this entails 
an increase in the cost of manufacture. The accuracy demanded should 
also not cover the whole range of the meter, but be specified between 
certain limits onl j, as this would greatly reduce the cost and simplify the 
meter. 

Error Limits. — In specifications for electricity meters it is usual, with 
reference to the accuracy, to fix a definite limit of error which is not to be 
exceeded between definite limits of load. The most general error limit is 
± 2J per cent, i.e. the meter is required to read correctly within ± 2 J per 
cent, from -^^ up to full load, and its error must not exceed ± 5 per cent, at 
^ff full load. In some cases, however, the dial registrations are specified to 
be within ±2^ per cent, of absolute accuracy at all points above -^j^ full 
load. The latter condition is far too stringent, and should not be demanded. 
The size of a meter is also not always taken into account in fixing these error 
limits, which is obviously wrong. Higher degrees of accuracy are obtainable, 
but at present only at a considerable increase in the cost of the meter, and 
for this reason are quite unjustifiable, as anything which tends to raise the 
cost of supply must react adversely on the whole electrical industry. It 
should only be necessary for a meter to be accurate within reasonable error 
limits. For an interpretation of the word * reasonable ' may be cited the 
requirements as to accuracy at present (June 1905) made by the Board of 
Trade, first in respect to meters submitted to that authority for approval 
under clause 50 of the Electric Lighting Act, 1899 ; and second, to meters^ 
tested by inspectors for certification. 

Meters submitted to the Board of Trade for approval of construction and 
pattern are examined and tested for compliance with the requirements of the 
Klectrical Standards Laboratory. 

These requirements are liable to modification from time to time to meet new 
developments, and in the matter of accuracy are as follows : — 

Error Limits of an Electricity Meter for Board of Trade A'^rproval. 

'* Meters iu which the current for maximum load exceeds 3 amperes should not have an 
error exceeding 2 per cent ( + or - ) at any point from one-tenth full load to full load. For 
meters in which the currents do not exceed 8 amperes, the variation- from accuracy at any 
point from one- tenth load upwards must not exceed + or - 3 jjer cent." 

A relaxation is, however, made by the Board of Trade with reference to 
the error limits for certified meters, as shown in their Rules dated 24th 
October 1903, an extract of which is given below : — 
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Rides for the Guidance of Electric Inspectors appointed hy the Board of 
IVade with respect to the Certifying and Examination of Meters. 

" I. Tlie Inspector should satisfy himself that a meter is of some construction and pattern 
and has been fixed and connected with the service lines in some manner approved by the 
Board of Trade. If the Inspector has reason to tliink that a meter does not comply ¥rith 
these conditions, he should take ste{)s to ascertain whether the meter in-question is in aocord- 
with the sealed specimen de|K>sited with the Board of Trade. 

"II. A meter should be considered by the Inspector to be a correct meter if, being a meter 
intended for more than 3 amiieres, the error at one- tenth of its full load and above this point 
does not exceed + or - 2J per cent In the case of meters intended for currents not 
exceeding 8 amjieres, the error must not exceed -f or - 8^ i)er cent. 

" The Inspector should generally satisfy himself as to the accuracy of the meter by testing 
at, say, 3 different loads, which may be taken at about \, i, a.nd | of full load." 

Copies of the specifications and drawings of any meter approved since 
June 1900 can be obtained by electric inspectors from the Board of Trade 
Electrical Standards Laboratory, 8 Richmond Terrace, Whitehall, London, 
S.W., on payment of the cost of reproduction. 

It may be of interest to give here the limits of error prescribed, according 
to the German law of 1st June 1898, by the Physikalisch-Technische Reich- 
sanstalt, Charlottenburg, Germany, with reference to meters. A difference is 
made between the errors of meters for approval and of meters for commercial 
use, and with reference to the latter these limits are defined as follows : — 

Direct Current Meters. — Between full load and one-tenth full load the 
error must not exceed t^xtVif ^^ ^^® maximum capacity of the meter, phis 
y^^ of the particular l(Mid at which the meter is used, and at ^^ full load 
the error must not exceed ^.J^^ of full load. For meters which are used in 
lighting installations, these definitions only apply when the load is not less 
than 30 watts. 

During times of no load it is prescribed that the meter shall not nm back- 
wards or forwards at a rate exceeding ttJ^ of the speed corresponding to 
full load. 

Alternating and Polyphase Meters. — The definitions given above also apply 
in this case, with the restriction, however, that when a phase difference exists 
between the voltage and the current, the error, as defined above, must be 
expressed in hundredths of the load at w^hich the meter is used, and to the 
number thus obtained in hundredths must be added double the tangent of 
the angle of phase displacement. By the angle of phase displacement is to be 
understood, that angle the cosine of which is equal to the power factor. All 
magnitudes used in estimating errors are to be taken wdth the same sign. 

With reference to meters for approval^ it is prescribed that the errors 
must be within half the limits as stated for meters for commercial use. With 
alternating current meters, however, the whole of the additional error (2 tan ^), 
is reckoned, <t> being the phase difference between the pressure and the current. 
The above error limits, expressed in percentages of the load at which the 
meter is used, are, for direct current meters for commercial use, as follows : — 
-h or - 6-6% at full load, + or - 6*8% at f load, + or - 7*2% at \ load, 
-f- or - 8-4% at \ load, + or - 12% at yV load. 

For alternating current meters for commercial use these errors are all 
increased by 2 tan ^, e.g. at full load the error must not exceed -I- or - 
(6'6% + 2 tan ^). An approved meter, on the other hand, at full load must 
not have a greater variation from accuracy than -I- or - 3*3%, if for direct 
current, and + or - (3 '3% + 2 tan ^), if for alternating current, and so on 
for the other loads. 
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In this country no difference in the error limits is made in the case of 
alternating current meters for loads which contain self-induction or capacity. 
The error limit for any particular inductive load is easily obtained. This is 
best illustrated by a couple of examples. When the maximum current is 
flowing in a circuit of pow^er factor equal to one-half (cos ^ = *5), the inductive 
load (?7. c. cos ^) corresponds to one-half of the maximum load when the 
current and pressure are in phase. The error limit is in this case the same 
as that for one-half of full load when the power factor is unity. If, on the 
other hand, the current be under one-fifth of the maximum, the power factor 
being the same, then the inductive load corresponds to one less than one-tenth 
of full non-inductive load, and the error should not exceed, say, -h or - 5%. 
It should be borne in mind that the percentage error of a meter is the per- 
centage difference in the locui as indicated by the meter and the true load, the 
load {v. c. cos 4>) being quite generally the product of the volts, amperes, and 
power factor. When the power factor is unity, the load is simply the product 
of the current and the pressure. If, in addition, the pressure be constant 
(i.e. V is constant and cos ^=1), then the terms ^oad' and 'current' become 
synonymous, but in no other case. 

Permanency of Calibration. — There are many agencies at work which 
tend to increase the inaccuracies of a meter in use, and in the case of 
motor meters they are — loss in magnetism of the permanent magnets, unless 
properly aged ; bearing friction ; friction of the integrating train, and of the 
gear connecting it with the meter axle ; brush friction in commutator meters ; 
fluid friction in mercury motor meters; temperature variations and, in the 
case of energy meters, the charring of the shunt coils, with a consequent 
increase in their electrical resistance, producing a diminished shunt field, and 
with it a smaller driving torque. The importance of the proper ageing and 
construction of the permanent magnets, and also their position in relation to 
the driving system of the meter, cannot be over-estimated. Mr G. Hookham, 
in his paper on "Permanent Magnet Circuits,"* showed the possibility of 
constructing magnets in which a considerable and permanent residual induc- 
tion might be obtained, and pointed out the importance of the length of a 
magnet with reference to its cross section to obtain permanency. 

The vital necessity that a so-called permanent magnet should retain its 
magnetic field unimpaired indefinitely will be readily grasped when it is 
remembered that the resisting torque exerted on the disc which rotates 
between the pole-pieces of the permanent magnet, forming the usual magnetic 
brake, varies as the square of the magnetic induction in the air-gap between 
the poles. The retarding torquet may be expressed mathematically as 

T = K. B2 r2. a,, 

where B is the induction density, w is the angular velocity of the brake disc, 
r is the radial distance from the axle of the brake disc to the poles, and K is a 
constant, depending on the shape of the polar area, the dimensions of the air- 
gap, and the conductivity of the brake disc. , A slight loss in the strength of 
the magnetic field of the permanent magnet will, therefore, produce a very 
considerable diminution in the retarding torque, an increase in the speed 
of the armature, and the meter will read high. The retentivity of the 
permanent magnet should also not be affected by the passage of a short- 

* Philoaophiral Afagosine, Feb. 1888 ; also Electrical Review, vol. xxxvii. jj. 476. 
t "A Frictlonless ' Motor Meter," by S. Evershed, Jour, Proc, Inst. El, Eng., }>art 
146, vol. xxi. 
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circuit current through the meter. The abnormal magnetic flux which 
emanatee from the series coils during a short-circuit, and the subsequent 
rapid rate of change which takes place in the density of this field after the 
fuse has blown, is sufficient to render unaged magnets unfit for further use, 
and the accuracy of the meter is destroyed. Another feature which lends 
much to the immunity of the permanent magnets, from the weakening 
effects of the main current flux, is to place them so that their greatest length 
or path of permanent flux is at right angles to the magnetic axis of the series 
coils. This result was experimentally discovered by Mr T. Duncan, of 
America,* some years ago. In many cases permanent magnets are further 
protected from the effects of the series coils by means of iron shields separating 
them from the electrical element of the meter. 

The general method of adjusting the speed of the motor meter having a 
magnetic brake is to alter the position of the brake magnet relatively to the 
brake disc, the brake magnet being suitably moimted for this purpose. The 
adjustment is made by moving the magnet either nearer to or further away 
from the axis of the disc. It was shown above that the brake torque is 
proportional to the square of the radial distance from the axis to the poles of 
the magnet, and consequently it is most essential, after an adjustment has 
been made, that the magnet be very firmly secured, so that its position 
remain unaltered during transit, and be not affected by temperature 
variations. The best method of adjustment is not to alter the position of the 
magnet at all, but to shunt some of the field of the air-gap of the magnet 
through an alternative path, and by increasing or decreasing the magnetic 
reluctance of this alternative magnetic circuit, the brake field will be increased 
and the speed of the meter decreased, or the brake field will be weakened, 
and the speed correspondingly increased. This or an analogous method is 
used in some meters, and the small iron screws, by means of which the brake 
field is altered, can be securely locked, so that their position is invariable 
after the adjustment is complete. 

The greatest wear in a motor meter, without a commutator, is in 
connection with the jewel bearing which supports the revolving element, 
f'riction at the bearings does not remain constant, but tends to increase with 
the prolonged use of the meter. It is largely affected by the character of the 
installation in which the meter is fixed, i.e. the presence or absence of 
vibration, dirt, moisture, and insects. Too much attention cannot be be- 
stowed upon the proper apportionment of the weight of the revolving element 
and the supporting jewel bearing, which should in every case be flexibly 
supported. 

In the case of commutator motor meters, the main source of trouble is the 
friction which occurs at the brushes on the commutator. Various devices are 
used to eliminate this error, a few of which will be found in the descriptive 
chapters dealing with this type of meter. The commutator should not be 
liable to tarnish, and its surface must always be kept clean and bright. This 
part of the meter should therefore be readily accessible to supervision 
without having to remove the main meter cover. Mainly with the view to 
eliminating brush friction, mercury motor meters are used, in which case the 
mercury serves to conduct the current to and from the revolving armature, 
which in this case usually consists of a copper disc, immersed in the mercury 
bath. In the old type of Ferranti meter the mercury constitutes the 
armature itself ; the company, however, use a copper disc in their new type. 

• American Patent, No. 650823, 1895. 
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The friction of the mercury has to be compensated for at high loads, as 
otherwise its increase in friction in this region introduces errors. In the 
Ferranti meter, in which the mercury acts as the armature, the friction of the 
mercury is used to produce the retarding couple on a light fan which is 
immersed in the mercury bath. With this meterj which is of the ampere- 
hour type, the driving torque is proportional to the square of the current, and 
the resisting torque of fluid friction is proportional to the square of the 
speed, so that, neglecting other disturbing influences, when balance occurs the 
speed is proportional to the current. The remaining source of friction in 
motor meters is in the gear connecting the meter axle with the integrating 
train, and in the train itself. The wheels, pinions, and gears should all be 
very carefully constructed and aligned, so that the error they introduce is 
reduced to a minimum and is not of a variable nature. Further, it is 
important that the worm on the meter axle should be made of suitable 
alloy, so that in damp situations it does not r\ist, and so impair the correct 
working of the meter. 

Besides the brake magnets, there are other parts of the meter which have 
to be adjusted, ,and the adjustments consist in the alteration of the position 
of a sliding connector, a small piece of iron, or some other support. It is of the 
highest importance that all such regulating devices should be so secured that, 
after having been finally set, their position should be invariable and unaffected 
by any disturbing influences during transit, installation, or use. In fact all 
adjustments should be permanently sealed as well as the main meter cover. 

Guarantee. — A meter is usually guaranteed by the manufacturer for an 
average period of one year. The author, however, would recommend meter 
makers to extend this period and give a three years' guarantee, provided that 
they be allowed to permanently seal their meters, and that the guarantee should 
terminate on the seals being broken. In such a case, if a meter should be 
found to register incorrectly after it has been properly tested at the station, 
or after its installation in a consumer's premises, it would be at once returned 
to the manufacturer, who would either replace it or repair it, defraying all 
costs. He would in this manner be able to ascertain exactly the cause of the 
improper working of the meter, find out the weak features of the particular 
type, and effectually remove them. It is, however, quite impossible for him 
to arrive at the root of any trouble, if the meter cover have been previously 
removed and the adjustments in any way interfered with. If faults should 
develop in a meter after the expiration of the guarantee period, meter manu- 
facturers would doubtless be prepared, at a reasonable charge, to repair the 
meter or exchange it, and renew the guarantee. This should result in not 
only effecting improvements in meters, but also in materially reducing the 
charges for maintenance and repairs of the meter department of a station. It 
certainly seems inadvisable for a central station to undertake the maim- 
facture or semi-manufacture of meters, with its attendant expense and 
restrictions. The station should, however, be provided with a highly efficient 
testing equipment, and the whole attention of the meter staff should be 
directed to the systematic testing of meters and all measuring instruments 
in the station, the periodic testing and supervision of meters in situ, and the 
checking of meter readings and meter accounts. 

Series and Shnnt Losscb. — The current flowing in the series circuit of a 
meter produces a drop in voltage, which causes a diminution of the pressure 
across the circuit beyond the point of connection of the meter, and power is 
also wasted. The series loss is generally small, and should not exceed 6 watts, 
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with a greater drop than 1 volt at full load in a 5-ampere meter, and be 
negligibly small in the larger sizes. This waste of power and drop in voltage 
only occur when current flows in the particular installation, and both reach a 
maximum when the current taken is a maximum. The drop is the most 
important loss in the series circuit, as it reduces the voltage across the con- 
sumer's lamps. 

The series loss is borne by the consumer, and not by the station. If V be 
the supply voltage across the consumer's circuit in front of the meter, and A 
be the full load current, supposed constant during n hours, then, assuming no 

V A n 
errors in the meter, the reading will give ' " units as the energy consumed 

under these conditions. If v be the drop in the meter, then the consumer 

/y -r) An 
actually uses ^^ — ^* * units, as the pressure across his circuit beyond 

V An 

the meter is (V-v) volts. He therefore pays for ' * units, but only 

consumes -— 7v\/{k units. Moreover, owing to the drop in pressure, the 

candle-power of his lamps is largely reduced. He therefore suffers loss in 
two directions. 

In an energy meter power is wasted both in the main current and in the 
pressure current circuits. The most important loss is that occurring in the 
pressure circuit, and is entirely borne by the station. It represents a very 
considerable annual loss in revenue, as this waste is continuous whether current 
be taken or not. Assuming as low a shunt loss as 1 watt per 200 volts, the 
annual loss to the station per meter is 876 B.O.T. units ; and, on the other 
hand, with a loss in the shunt of 10 watts per 200 volts, the annual loss 
per meter would be 87*6 B.O.T. imits. It is highly important, therefore, that 
these shunt losses should be small, especially in connection with the supply 
of current to very small consumers, who at the most have only two or three 
16 c.p. lamps burning at a time. 

It may be as well to point out here that the connections between the 
pressure and the current circuits in an energy meter should be made on the 
supply side of the current terminals, so that it is impossible for the shunt loss 
to be registered by the meter. The connections should also be easily accessible, 
to permit separation of the pressure and current circuits for testing. 

Griterions of a Meter. — The driving torque, weight of the revolving element, 
friction, and the shiuit losses at a definite voltage (the latter in the case of an 
energy meter) are all so intimately connected and dependent on one another, 
that the figures relating to these quantities should, wherever possible, be 
always given together. In general the weight of the revolving element gives 
a very approximate idea of tlie bearing friction, which is proportional to the 

weight on the pivot. 

A high driving torque is very desirable, but does not, jyer se, give any 
indication as to the probable behaviour or possible permanence of performance 
of a meter. To gain an idea of how a meter will probably function in service, 
it is necessary to know the values of the torque, weight, and frictional retarding 

torque. 

A high driving torque can be obtained by increasing the weight of the mov- 
ing element. This method is not very satisfactory in operation, as the meter 
is less responsive to small differences in the current flowing in the circuit 
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than one which has an equal ratio of torque to weight, but a lighter revolving 
element ; bearing friction and the wear on the jewel are also increased. 

On the other hand, the weight of the revolving elemenb must not be made 
too light, as a sudden heavy increase in the current may twist it, and cause 
excessive hammering on the jewel. The real determining factor in the satis- 
factory operation of a meter is a high ratio of driving torque to weight. 

The ratio of the driving to the frictional retarding torque and that of the 
driving torque to the weight should be as large as possible, as then variations 
and increases in friction, which cannot be completely excluded when a meter 
is in use, become of relatively small value in affecting the working of the 
meter. On account of the stability and rigidity of the moving element and 
the cost of the meter, these factors cannot, however, be carried beyond certain 
limits. A high ratio between the driving torque and weight can, moreover, be 
obtained when both the figures relating to each of these quantities are small, 
so that two meters having totally different driving torques and weights may 
give the same ratio ; and without the actual figures of the torques, weights, 
etc., it is not possible to say which is the better meter of the two. 

In the accompanying three tables (I.-III.) some average figures are given of 
the driving torque in millimetre-grammes; the weight of the revolving 
element in grammes ; the ratio of the driving torque to weight, ue, the driv- 
ing torque per unit weight of revolving element ; the full load speed in revolu- 
tions per minute ; the shunt loss in watts and the annual shimt loss in Board 
of Trade units of a few meters in commercial use. In connection with the 
mercury motor meters, the ratio of the driving torque to the weight of the 
revolving element is not comparable with this ratio of the other types, as in 
mercury motor meters the weight of the revolving part does not represent 
the pressure on the jewel bearing. The series loss, although important, is not 
given in the tables, as it varies with the load, reaching a maximum at full 
load. The annual loss in the series circuit of a meter coidd therefore only 
be given by assuming an average load throughout the year, so that the total 
annual loss due to both the series and shunt circuits would only be approxi- 
mate, and not of very much value. The annual loss of energy in the shunt of 
a meter can, however, be definitely stated, as the power wasted in the shunt 
is practically invariable ; moreover, the B.O.T. units wasted in the pressure 
circuit represent the actual loss to the supply station. 

Selection of a Meter. — The selection of a meter depends on a variety of 
factors, such as local conditions, the nature of the supply current, whether 
continuous or alternating, the voltage, the function of the meter, the class of 
consimier, price, guarantee, shunt losses, and probable cost of maintenance and 
repairs. In the case of a continuous current supply at approximately con- 
stant pressure, from considerations of initial capital outlay, the annual loss in 
the pressure circuit of an energy meter, maintenance, depreciation and interest 
charges, the ampere-hour meter is decidedly to be preferred to the watt-hour 
type, especially in the case of small consumers, whose actual bill may not be 
a very large one, but who are amongst the most profitable class of consumers 
to a supply station. The ampere-hour meter does not actually measure what 
the consumer pays for, namely, electrical energy, but is calibrated to register 
the units consumed at the declared voltage of supply, on the assumption that 
this voltage is kept constant. It is unaffected by voltage variations, so that, 
if the pressure across the circuit to which it is connected be above the declared 
value, a loss of units is incurred due to its use. It is, however, incorrect to 
draw from this the inference that a station using ampere-hour meters will 
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necessarily suffer a loss of revenue, because the voltage is, in genei'al, some 2 
per cent, above its normal value at the feeding points in the distributing 
system. Some circuits will have their voltage above the normal, and with 
ampere-hour meters there will be a loss ; others will be at the correct voltage, 
and there will be neither loss nor gain ; on the other hand, there will be, again, 
other circuits across which the voltage will be below its right value, so that in 
this case there will be a distinct gain. On the whole, in a well-designed system 
of distribution a very fair balance will be obtained, and the disadvantage of 
the ampere-hour meter in this respect is more apparent than real ; in fact, it 
may be a source of gain. The loss or gain, according as the voltage is high or 
low, is readily estimated. If the ampere-hour meter register U units in the 
year, on the assumption that the voltage V is constant, whereas it is always 
2 per cent, above this value, then the loss to the station is •02V x\J xd, where 
d is the selling price per imit. If the voltage be low instead of high, and by 
the same amount, this result will represent the gain to the station. 

The question to be decided with ampere-hour meters is whether they shall 
be of the electrolytic or motor type. Electrolytic meters have the advantage 
of being cheaper than motor meters, but they certainly require more attention, 
as they have to be either re-set or re-filled after definite periods ; they are more 
or less immechanical, and do not comply with the general conditions of practice 
so satisfactorily as a well-designed motor meter. 

Clock meters register correctly, however small the current may be ; they 
have a wide range and a high degree of accuracy, but are expensive and some- 
what complicated. For special purposes they are particularly well adapted, 
and the three-wire type correctly measures the energy taken in a three-wire 
direct current or single-phase alternating current network, whatever the dis- 
tribution and nature of the loads on the two sides of the system. This is not 
the case with the ordinary three-wire energy motor meter, which correctly 
registers the energy in such a system imder certain conditions only. 

When the supply is an alternating current, the meter used invariably 
measures electrical energy, and the relative shunt losses play a very important 
part in the selection of the meter, besides its actual cost. The performance 
of the meter on inductive loads is one which also must not be lost sight of, 
especially if in the circuits a phase displacement between the current and the 
pressure be likely to occur. In fact, all meters intended for alternating 
current supply circuits should be suitable for inductive loads, whether the 
loads be so or not. As already mentioned, the meters for such circuits are on 
the induction principle, and only these should be used, on account of their 
simplicity, ease of adjustment, low cost and low shunt losses relatively to 
commutator motor meters without iron, their considerably smaller frictional 
resistances to motion, the total elimination of brush friction and commutators, 
or rubbing contacts of any description, and the absence of any current from 
the supply circuit in the revolving armature, which is simply a disc or 
cylinder of aluminium or copper. 

Capacity of a Meter. — The capacity of a meter is generally dependent on 
the maximum capacity of the installation in which it is placed. It seems, 
however, advisable to use meters having a smaller capacity than the maximum 
of the circuits it controls, and to have a relatively large overload capacity, 
the degree of which varies with the nature of the load of the particular circuit 
to which the meter is connected. As a general rule, a house-service meter 
works mostly in the region of 20 to 30 per cent, of full load, and is, there- 
fore, not working at the best part of its curve, as, usually, the least error 
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occurs between half and full load. The fiUl load of an electric lighting 
installation in a private house is only taken on special occasions, which are 
not of frequent occurrence, so that, if the capacity of the meter be, in such a 
case, made to correspond to half the maximum number of lamps installed, and 
be capable of carrying a large overload current for short periods, it would be 
much more efficient, would probably cost less, and would be mainly operating 
near its full load capacity. The meter should, consequently, be less dependent 
on the variable nature of friction at low loads, and start better when only one 
or two lamps are switched into circuit. 

A meter should, with reference to its starting current, register with 
certainty the minimum load of the circuit to which it is connected. 

Meters approved by the Board of Trade. — Of the large number of 
different types of meters in commercial use, only a very few have received Board 
of Trade approval. All such approvals are published in the Official Oazette 
immediately after intimation to the manufacturers, and below are given, in 
chronological order, in the three tables IV. -VI., the approvals which have 
been given up to the time of going to press. 

Table IV. — Continuous Current Meters approved 

BY THE Board op Trade. 


Day. 

Month. 

9 

Oct. 

9 

Oct. 

26 

July 

25 

July 

24 

Sept. 

19 

Feb. 

22 

M«y 

15 

May 

28 

May 

14 

Feb. 


Year 

1896 
1896 


1898 
1900 
1901 


1902 
1902 


1903 
1903 
1905 


Name. 


Hookhaiu 
Ferrauti 


Aron 

Bastian 

Schattner 

O'K. 
Hookham 

Elihu Thomson 

Wright 

lUstian **N" 
Type 


Company. 


Remarks. 


Chamberlain k 
Hookham 

Ferranti, Ltd 


Arou Electricity 
Meter, Ltd. 

The Bastian Meter 
Co. 

Engineering In- 
struments, Ltd. 


The British Thom- 
son-Houston Co. 

Chamberlain & 
Hookham 


The British Thom- 
son-Houston Co. 

The Reason Manu- 
facturing Co. 

The Bastian Meter 
Co. 


Ampere-hour mercury motor 
meter. Disc armature. 

Ampere-hour mercury motor 
meter. Mercury constitutes 
armature. Brake consists 
of fan in mercury. 

Watt-hour clock meter. 


Water electrolytic meter. 


Prepayment continuous cur- 
rent ampere-hour meter. 
Abandoned. 

Am^iere-hour motor meter. 


Ampere-hour mercury motor 
meter. Cylindrical arma- 
ture. 

Watt-hour motor meter. 
Type A. 

Mercury electrolytic meter. 
Water electrolytic meter. 
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Table V. — Alternating Current Meters approved 

BY THE Board of Trade. 


Day. 

8 

Month. 

Year. 

Name. 

Company. 

Remarks. 

Oct. 

1891 

Shallenberger 

The British West- 

Ampere-hour induction meter. 





inghouse Co. 

Abandoned in this country. 

23 

Mai-cb 

1899 

Aron 

The Aron Elec- 
tricity Meter, 
Ltd. 

Clock meter. 

12 July 

1899 

Aron 

Do. 

For two-phase or three-phase 





circuits. Clock meter. 

17 May 

1 

1901 

Shallenberger 

The British West- 
iiighouse Co. 

Abandoned in this country. 

24 

Sept 

1902 

We8tingboa8« 
Stanley 

Do. 

Watt-hour induction meter. 

8 

March 

1904 

Do. 

Watt-hour induction meter. 

t 




Replaced iu this country 

1 




by Westinghouse meter. 

12 May 

1 

1904 

Ferrsnti- 
Haiuilton 

Ferrauti, Ltd. 

Watt-hour induction meter. 

27 Feb. 

t 

1905 

K.J. 

The Electrical Co., 
Ltd. 

Watt-hour induction meter. 


Table VI. — Maximum Demand Indicators approved 

BY THE Board of Trade. 


Day. 

Month. 

9 

July 

8 

June 



1903 
1904 


Name. 


Company. 


Atkinson- ; Engineering In- 
Schattiier struments, Ltd. 


Wright 


The Reason Manu- 
facturing Co. 


Remarks. 


Based on the electro- magnetic 

principle. 
Based on the thermal 

principle. 


CHAPTER 11. 

GENEBAL PRINGIFLES OF CONTmUOUS CUBBENT HETEBS. 

General Equations — Law of the Chemical Meter— Electro-maguetic Action — Laws of the 
Motor Meter with Hrake — Law of tlie Motor Meter without Brake — Law of the Clock 
Meter — ^Thermal Etfect — Behaviour of Continuous Current Three-wire Energy Motor 
Meters. 

General Equations. — The electrical energy delivered to a circuit during 
any given interval of time is expressed by the general equation 

(1), 


E= jcv.dt, 


where c and v are respectively the uistantaneous values of the current flowing 
in the circuit and the potential difference applied to its terminals, Tj and Tj 
denoting the commencement and termination of the period under consideration, 
and dt is the short interval during which the power, c.v is supposed to 
remain constant. If c be the value of the current in amperes, v be the 
pressure expressed in volts, and the hour be taken as the unit of time, then 
the electrical energy is expressed in watt-hours. 

The function of ari electricity meter is to register the electrical energy 
consumed in a given period, and a meter that performs the operation expressed 
on the right-hand side of equation (1) is called an energy meter, or more 
usually a watt-hour meter. In some instances these instruments are still 
erroneously termed recording wattmeters. A recording wattmeter does not 
measure energy, i.e, does not integrate the values of c.v.dt^ but measures 
power, and traces out on record paper, mounted on a continuously revolving 
drum, a curve, the ordinates of which represent the values of the power 
supplied to the circuit. 

In electricity supply systems in which the supply pressure is kept 
practically constant, v is a constant, and the general equation may be written 

E = vjc.dty (2). 

T, 

An electricity meter in this case does not integrate the different values of the 
energy, but simply the quantities of electricity in ampere-hours ; in other 

words, it perfonns the operation / c.dt, and is then called a quantity or an 

ampere-hour meter. A quantity meter is sometimes designated a coulomb 
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meter. The term * coulomb meter' should, however, not be used in this 
sense, as the coulomb represents one ampere-second, whereas in quantity 
meters the unit of quantity is the ampere-hour. 

Quantity meters are usually calibrated so that their indications are in 
watt-hours, hectowattrhours, or kilowatt-hours at the voltage of the circuit to 
which thev are connected. 

If both c and v be constant, that is, the power taken be always the same, 
then 

dt, 


or 


E = v.c. / ( 


^^Vfldt, . . . . . (3), 


W being the power in watts. For this purpose hour-meters are used, which 
consist of clocks electrically controlled, whose function is to register the time 
in hours during which current has been flowing in the circuit. 
If the current o remain constant, then equation (1) becomes 

["' 
E = cjv.dt, (4). 

T, 

A meter which measures the quantity expressed under the integral is termed 
a volt-hour meter. 

The above equations hold for both continuous and alternating current, 
provided that c and v represent the instantaneous values of the current and 
pressure. In a continuous current system the instantaneous values are 
identical with the effective values, as measured by an ammeter and voltmeter. 
This is, however, not the case with alternating currents, as both the current 
and the voltage are periodic functions, and in general sine functions of the 
time, varying in a cyclic manner both in sense and magnitude, and are also 
not necessarily in phase with one another. If in an alternating current 
system c and v' denote the eifective or virtual values (the virtual value is 
the square root of the mean of the squares of the values during half a period) 
of the current and pressure as given by an alternating current ammeter and 
voltmeter, and ^ be the phase displacement between c and v\ then the power 
is c.v\ cos ^, cos ^ being the power factor of the circuit. Equation (1) then 
becomes 

T, j 

E = / c,v\ cos it>dt , . . . . (5), 

T, 

and the other equations are modified in a similar manner. 

Law of the Chemical Meter. — Either the chemical, electro-magnetic, or 
thermal action of a current is utilised in the construction of meters. An 
electrolytic meter depends on the chemical action of a current of electricity, 
and is essentially a quantity meter. It follows, from the nature of electrolytic 
action, that such a meter can only be used for direct currents. When a 
current of electricity passes through certain liquids, such as dilute acids and 
solutions of metallic salts, chemical decomposition takes place. 

The current enters the electrolytic cell by the one conductor, the anod^, 
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and leaves it by the other conductor, the cathode, the electro-potiitive elements 
of the electrolyte being deposited at the cathode and the electro-negative 
elements at the anode. The amount of electrolytic decomposition, i,e. the 
amount of metal deposited or of gas evolved, depends on three factors, ue. 
the strength of the current, the time-interval during which the current flow 
lasts, and the nature of the electrolyte, or the electro-chemical equivalent of 
the substance liberated. 


Expressed mathematically. 


M 


^zjc.dty (6), 


where M denotes in grammes the amount of metal or gas set free in Tg ~ T^ 
hours, Z is the electro-chemical equivalent expressed in grammes per ampere- 
hour, and c is the current in amperes, supposed constant during the small 
interval of time dt. 

From (6) jc.dt^^, 

or, the ampere-hours are proportional to the amount in grammes of the 
electrolytic deposit. The electro-chemical equivalent in grammes per ampere- 
hour of water is '3356, of mercury from a mercurous salt 7*466, of zinc 1*213, 
and of copper from a cupric solution 1'178. Thus 3*36 grammes of water are 
decomposed per Board of Trade unit at 100 volts, and in a water-decomposing 
meter the whole current to be measured flows in general through the 
electrolytic cell. 

In the case of chemical meters in which the electrolyte consists of a 
solution of a metallic salt, only a small fi-action of the total current is used 
to eflect the decomposition, as the amount of deposit would otherwise be 
excessively large, amounting per Board of Trade unit at 100 volts to 74*7 
grammes for mercury and 12*13 grammes for zinc. In a mercury electrolytic 
meter, the fluidity of the metal is made use of for its measurement by volume 
instead of by weight. 

Electro-magnetic Action. — The electro-magnetic effect of a current 
flowing in a conductor is the external action which it produces, and is due to 
the creation of a magnetic field in the medium surrounding the conductor. A 
circuit conveying a current is acted upon by a magnet, or by an adjacent 
circuit traversed either by the same or a different current. This electro- 
dynamic action between currents, or between a current and a magnet, is 
utilised in meters to produce a rotational or oscillatory motion, and to 
influence an already moving system, such as a pendulum. In motor meters 
the motion is one of rotation, and results from the interaction of two magnetic 
fields, generated either by two current systems, the one stationary and the other 
movable, or by one movable current system and a fixed permanent magnet. 
In oscillatory and pendulum meters the same electro-dynamic principle is 
involved, but in the former the moving system oscillates, and in the latter the 
periodic time of the pendulum is either increased or decreased. Such meters 
are at the present day used almost exclusively for direct currents, although, 
provided that they contain no iron, they are applicable to alternating current 
measurements. Alternating current meters are, however, based on the prin- 
ciple of induction, which is explained in Chapter VII. 
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Laws of the Motor Meter with Brake. — In watt-hour motor meters, 
the speed of rotation of whicji should he proportional to the power, the one 
magnetic field is due to the main current flowing in the circuit, and the other 
magnetic field is created hj a current proportional to the supply pressure. 
The main current, which is the variable current to be measured, flows in one 
or two stationary coils, and the pressure current, which is approximately 
constant, traverses the revolving armature, having a commutator and brushes, 
the motor constituting an electro-dynamometer with a continuously revolving 
coil. 

In ampere-hour motor meters, the speed of rotation of which should be a 
measure of the current, the one field is variable, and is produced by the whole 
or a fractional part of the main current in the armature, and the other field is 
either fixed, and due to a permanent magnet, or it is variable with the 
current, and is created by a series electro-magnet. 

The turning moment, or driving torque, exerted on the armature is 
proportional to the product of the two magnetic fields. These two magnetic 
fields in a watt-hour motor meter are made dependent, the one on the main 
current, and the other on the pressure current, the latter being proportional 
to the supply voltage. In an ampere-hour motor meter, however, either the 
two magnetic fields are produced by the main current, or this current only 
gives rise to one magnetic field, and the other is then a fixed field, due to a 
permanent magnet. 

If C denote the main current in amperes and V the applied P.D. in volts, 
then for a watt-hour motor meter 

D^JVj.C/.V, ..... ('/> 
for an ampere-hour motor meter with a permanent magnet 

D ^ 1x2.0 , ..... (8/> 

and for an ampere-hour motor meter with a series electro-magnet 

The speed of rotation must always be proportional to the power or the 
current, and each value of the electrical magnitude must correspond to 
a perfectly definite speed, which must not vary, provided the particular 
electrical quantity remains the same. This condition of no acceleration is 
satisfied when the armature is at rest, and for it to be fulfilled when motion 
ensues, or, in other words, to obtain steady motion, an opposing torque must be 
provided which will equilibrate the torque exerted by the electrical system 
producing motion. If T denote the resisting torque, then the condition for 
steady motion is 

D-T = 0. 

The retarding torque of the brake system employed in the meter must he an 
exactly similar function of the speed, as the driving torque is of the electrical 
magnitude. 

When steady motion has been established, if n denote the revolutions per 
minute of the armature when 

D = K,.C.V, then 
T = KV« . 

n = 5i.C.V. 
^1 
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When D = Kjj.C , then 

T = K 2.W . 

w = f-2 C 
'* xr^ * 

JV 2 


And finally when D = K3.C2 , 

m T7-/ — o 


then 


T = K 3.n2 . 


"Vfc- 


.C. 

8 

Hence it follows that in energy meters the speed of rotation must always be 
proportional to the power, and in quantity meters to the currenty so that the 
number of revolutions executed in a given time will be proportional to the 
energy or quantity of electricity delivered in that time. 

The retarding torque proportional to the speed is produced by the well- 
known magnetic brake, which consists usually of a light copper or aluminium 
disc, which rotates between the poles of a permanent magnet. Foucaiilt or 
eddy currents are induced in the disc as it rotates in the magnetic field, and 
the interaction between these eddies and the magnet exerts the resisting 
torque, which varies directly as the speed of rotation multiplied by the square 
of the intensity of the- field. When the driving torque varies as the square of 
the current, a retarding torque proportional to the square of the speed has to 
be employed, and for this purpose air or fluid friction is used, but the result 
obtained is, in general, not very satisfactory, as this law for fluid friction 
holds within certain limits only, and the driving torque falls off much more 
rapidly than the current. 

In a watt-hour motor meter the driving torque D = Kj.C.V, and the 
brake torque T = K'j.^) &nd when the condition of steady motion has been 
established 

Kj.C.V^KVn (10), 


i,e. 


JT, T, 


T, 

In the above no account has been taken of the various frictional resistances to 
motion — brush friction, bearing friction, friction between the coimting train 
and gear, and air friction — and the result obtained is not quite correct. De- 
noting these retarding torques by F, then equation (10) becomes 

Ki.C.V=KVw + F, 
i.e, n=--)-.C.V--7 . 

This last equation shows that the speed of the meter is not strictly propor- 
tional to the power. 

F 

In a well-designed meter the frictional term =^ is very small, and at high 

loads is inappreciable, but at low loads may seriously affect the registration 
of the meter. Friction is also a maximum when the meter passes from the 
state of rest to motion, and is also variable at slow speeds when the driving 
torque is small. To neutralise the effect of friction a constant supplemental 


GENERAL PRINCIPLES OF CONTINUOUS CURRENT METERS. 23 

torque is added to the variable driving torque of the meter, and the complete 
law of the energy motor meter is then expressed by the equation 

Ki.C.V + Do = KV« + F .... (11), 

where D^ is the additional driving torque, which should balance the frictional 
retarding torque F. The above consideration holds good when the motion is 
one of oscillation instead of rotation. 

Law of the Motor Meter wi^ut Brake. — If the armature of a motor 
having S surface conductors (S denotes the number of conductors round the 
armature circumference) rotate at a speed of n revolutions per second in a 
field of total magnetic flux N, then the counter electro-motive force generated 
in it is 

E = w.N.S. 10-8 volts. 

If Ca be the current in the armature in amperes, r be its resistance in ohms, 
and V the P.D. across the brushes in volts, then 

V = E + C„.r. 

The work done per second on the armature is E.C.IO'^ ergs, and if D denote 
the torque in dyne-centimetres, the work per second is also given by 2.ir.w.D 
ergs, so that 

2irwD = E.C„.107. 

D = C„.^.10-\ 
" 2ir 

Ai n V-E 

Also Ca = 

r 

D = ^^\ ^.(V-E). 
'2w r 

When the torque exerted is zero, i.e. D equals 0, then V equals E^ or 

V = n.N.S.10-». 

From which it follows, if N be due to a permanent magnet, that the speed is 
proportional to the P.D. across the armature terminals, provided that the 
motor does no work and has no internal losses. If V be proportional to the 
current to be metered, the speed of the motor will vary directly as the 
number of amperes in the circuit. 

A motor ampere-hour meter can be made on this principle when the 
motor is not allowed to do external work — for instance, in the generation of 
Foucault currents in a magnetic brake — and the armature current is approxi- 
mately zero. On the passage of a current the motor armature is accelerated 
until its back E.M.F. balances the P.D. across the brushes, produced by the 
drop in volts in the low-resistance shunt, with which it forms a parallel 
circuit, and which carries the whole current of the installation. 

Law of the Clock Meter. — If T denote the periodic time in seconds of a 
freely swinging pendulum, of mass M grammes and moment of inertia I, 
expressed in C.G.S. units, and if h denote in centimetres the distance between 
its centre of gravity and centre of suspension, g being the acceleration due to 
gravity in cms. per sec. per sec, then 


^^WUgh' 
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and the number of complete swings the pendulum executes in t seconds is 
given by 


2^ V I 


When the bob of the pendulum is replaced by a coil energised by a current 
proportional to the voltage, and it be caused to oscillate over a coil traversed 
by the main current, due to the mutual attractions or repulsions between the 
coils, the pendulum will be either accelerated or retarded. The new periodic 
time, in the case of an accelerated pendulum, is given by 


'^^"^Vm^/i + k.c.v 


Ugh 
where K is a constant, and the number of oscillations in the time t will be 

^*i~27r\/ ~ I • 

This may be written 


* 2irV I V Myh 
or ni = w(l+K'.C.V)», 

K 


where K' = 


Ugh' 


The expression on the right-hand side of this equation can be expanded in a 
series by the Binomial Theorem, and 

n,^n. |l + ^.aV-?g\c2.V2 + 5^C8.V3- . . . .|. 

If the force due to the electrical system be small compared with that exerted 

K' 
by gravity, i.e. the term — CV<1, the terms of the second degree and above 

can be neglected, and the series approximates to 

(14.C.V). 

Then n^ = n(l + ^ .C.yY 

Therefore, in the short interval dt, 

d(n^ - w) _ K' pydn 


i-5 


\nd 


dt 

2 

V^^a 1 

dt 

m 

dn 

1 




dt 

f 

• 



CV = 

2T 
K' 

d{n^ - 
dt 

• 


The electrical power is proportional to the difference in the rat^s of going of 
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two clocks having similar pendulums, the one swinging freely imder the action 
of gravity, and the other being subject to electrical attraction or repulsion. 


And 


jc.V.i^=^- |rf(«i-n). . (12), 

or the electrical energy consumed in a given period is proportional to the 
total difference in the number of swings made in that time by the two 
penduliuns. A similar result is obtained by replacing the bob by a permanent 
magnet. In this case, however, the difference in the rates of the two pendu- 
lums varies directly as the current, and the sum of these differences during 
the interval under consideration will be proportional to the quantity of 
electricity delivered. 

The above result is approximate only, and the errors due to neglecting the 

term -^ , C^.V* will become of greater importance as the currents in the main, 
o 

coil become large. A more accurate result is obtained by fitting each 

pendulum with a pressure coil, and arranging the main current to influence 

both of them, so that the one is retarded and the other accelerated, when it 

will be seen that the effect of thd term of the second degree is obliterated. 

In this case, for the retarded pendulum n^ = ».(l - K'.C.V)*, and for the 

accelerated pendulum, n2 = n.(l + K'.C.V)*. 

«,-». {i-|'.c.v-^'c2.v*_?-^c8V2- I 

«,=n{i+^'.c.v-.^g!c«v«+52c»v»- } . 

The terms of the third degree and succeeding terms can be neglected, and 

n, = ». |1-|'CV-^C«V2[, 

;,j = „|l+J^C.V-^g-C«V2}. 

And in the same way as above. 


lc.Y.dt^lAd{n,--n,). 


Ti 

The results obtained for a gravity pendulum will also hold for any system 
having a simple harmonic motion, it only being necessary to substitute the 
law of force producing motion for that of gravitation. 

Thermal Effect. —The heating effect of a current in a conductor is utilised 
in meters for special purposes only, mainly in maximum demand indicators, 
which serve to register the maximum current taken by an installation during 
a given period. If J denote the mechanical equivalent of heat, H the amount 
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of heat generated by the passage of a quantity of electricity Q, then, by 
Joule's law, 

J.H = V.Q. 

Assuming the current to remain constant during the time t seconds, and if 
V, C, and R be expressed in volts, amperes, and ohms, the heat developed in 
gramme-degrees Centigrade is given by 

H = 0-238 V.C.^ 
= 0-2381-. ^ 

= 0-238 C'-^R/, 

where J = 4*2 joules or 4*2 x 10" ergs.- 

Behaviour of Continiious Current Three-wire Energy Motor Meters. 

— The measurement of the electrical energy in continuous current multiple-wire 
systems presents no special difficulties when they are split up into a series of 
two-wire circuits, in each of which a two-wire meter is used. It is, however, 
not difficult to show, in the case of a three-wire system, that unless the two 
branches be perfectly balanced, i.e, equally loaded, and the pressures between 
the branches constant and equal, a three-wire energy motor meter will 
register incorrectly. If V^ denote the pressure between the -{- outer and the 
neutral conductor, Vg the pressure between the latter and the - outer main, 
and C^ and Cg denote respectively the currents in the positive and negative 
outers, V being the total voltage across the three-wire system, such that 
V = V^ + Vg , then the power delivered is 

p.CiVi + CaV,, 

and the energy consumed in the time Tg - Tj seconds is 

E= jY^,Cydt+ ^\^.Q^.dt, 

T, ^T, 

* When both sides of the system are equally loaded, V, = V2 = JV, and 
Cj = Cg = C (say), when the energy becomes 

E = 2|Vi.Ci.rff, 

Ti 

or E '^ 


= h,Q.dt . 


In a watt-hour three-wire motor meter two main current coils are used, 
and the one coil is placed in series with the positive conductor and the other 
in series with the negative main, the armature circuit being energised by a 
current proportional either to the total voltage across the system, or to the 
pressure between either outer and the neutral wire. Assuming the pressure 
current to be due to V, the total three- wire voltage, then the energy regis- 

tered by the meter is equal to J. \Y.{Q^ + Q^dt. The power delivered 

T, 

to the total system is given by the equation 

P = Cj. Vj + CjVg , 
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and, however unbalanced the two branches may be, 

hence P = V(Ci + C,) - VgCi - Vfio . 

By adding these two equations for the power, it follows that 

2P = V(Cj + C,) + Ci(Vi - V,) - C,(Vi - V,). 
P = JV(C, + C,) + iCj(V, - V,) - iC,( Vi - V,), 

Ta T2 Tg 

and E = i Jv(Ci + C^)dt + ^fc,{Y, - \\)di - ijc^iVi - y^)dt . 

Ti T, Ti 

If the system be in perfect balance, and also when Cj and Cj are unequal, 
but Vj - Vg is zero, the terms -lL_i " -2/ ^^^ 2\ 1 "—2/ will vanish, and the 

meter will register correctly. When the two branches are unbalanced, C^ and 
Cj being unequal, and also Vj and Vg , the energy given by the three- wire 
meter, connected in the manner explained, will always be greater than that 
actually supplied, both when Cg > C^ , as then V^ - Vj is positive, and when 
C^ > Cg , as in this case Vj - Vj will be negative, so that the error is always of 
the same sign. 

When the pressure circuit of the meter is connected between one outer 
and the neutral wire it will also register incorrectly, and will read high or 
low according as the voltage across the armature circuit rises or falls. This 
can be easily shown as follows : 

P = Cj Vj + CgVg . 

Supposing the armature circuit to be energised by a current proportional to 
Vj , then 

P = Vi(C, + C,)-C,(Vi-V,). 

Therefore the true energy is 

T, T, 

E = /v,(Ci + Q^dt - J C2.(Vi - y^dt , 

T, T, 

whereas the energy given by the meter is equal to /V/Cj + Cg)^?^, 

T, 

which is less or greater than E according as Vj - Vg is negative or positive. 

It follows from the above that with this second method of connection of 
the pressure circuit of a three-wire meter the actual error in any particular 
case is larger than with the armature circuit connected direct across the outer 
conductors, and the errors are not always of the same sign, but are positive 
or negative according as the voltage across the armature circuit is high 
or low. 

« 

NoTJS. — In the Appendix at the end of the book will be found three tables (A, B, C) 
of percentage errors of continuons current energy motor meters corresponding to the above 
tlowe cases. These errors can be readily verifieafrom the formulre stated above. 


CHAPTER III. 

CONTIKUOVS OUBJEtENT aVANTITf METEBS. 

Definition of m Quanti^ Meter — Classification of Qnantity Meters — Advantage of the 
Qnantitjr Meter— Wright Electrolytic Meter — Bastian Electrolytic Meter — General 
Description and Classification of Ampere-hour Motor Meters — Hookham Mercury 
Motor Meter — Ferranti Mercury Motor Meters— O'K. Meter — Electrical Company's 
Meter — Eclipse Meter— Hartmann k Braun Meter— Moidey-Frieker Oscillating Mdter. 

Definition of a Quantity Meter. — A quantity meter measures the amount 
of electricity in ampere-hours conveyed by the passage of a current flowing in 
a circuit, and, in general, is used on a practically constant potential continuous 
current system. When the supply pressure is constant the current is pro- 
portional to the watts, so that the measure of the ampere-hours becomes a 
measure, indirectly, of the energy in watt-hours. For electric lighting a 
quantity meter is invariably calibrated to register direct in terms of the 
supply unit of electrical energy, without the use of a multiplier or constant, 
at the supply voltage of the circuit to which it is to be connected. In this 
country the supply unit is the Board of Trade unit, and is equal to one 
kilowatt-hour, or 1000 watt-hours. 

Classification of Quantity Meters. — Quantity meters may be divided into 
two classes, according to their principle of working, namely, electrolytic 
meters and electro-magnetic meters. The latter consist mainly of motor 
meters. 

An electrolytic meter may be either of the shunted or unshunted variety. 
In the unshunted type the whole current to be measured flows through the 
electrolytic cell and decomposes the electrolyte, whereas in the shunted type 
practically the whole current of the installation traverses a low resistance 
with which the electrolytic cell forms a parallel circuit, so that only a fraction 
of the main current flows through it and eflects the chemical decomposition. 
All electrolytic meters are based on the same principle. The rate of decom- 
position produced by the passage of a current in an electrolytic cell depends 
on the strength of the current ; or, in other words, the number of grammes 
of metal deposited per second, or the number of cubic centimetres of gas 
evolved per second, is proportional to the current in amperes. Of the very 
numerous class of electricity supply meters of the electrolytic type, of which 
the Edison meter was the first to be commercially used, only the Wright 
meter and the Bastian meter are included in this chapter. 

Advantage of the Quantity Meter. — The specific advantage of an ampere- 
hour meter is the absence of any shunt loss, which in the case of an energy 
meter is a continuous one whether the consumer be using current or not. 
This is a matter of considerable importance, especially in connection with 

28 
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the supply of current at 200 to 250 volts to small cousumera, many of whom 
take, on an average, leiu than a couple of amperes at their maximuDi load. Even 
for the registration of large currenta, a watt-hour meter offers no advantage 
over an ampere-hour meter when the system in a constant potential 
direct current one, eiccpt on circuite subject to large voltage fluctuations. 
For the measurement of alternating currents, however, watt-hour meters are 
exclusively used, owing to the lag or lead of the current. It will be readily 
seen that with an average shimt loss of 4 watts in the pressure circuit of a 
direct current eneigy meter at 200 volts, the ^ 

annual loas per meter is 3604 B.O.T. units, 
which, at Id. per unit generated and delivered 
at the consumer's terminals, represents an annual 

loss to the station of ;C146 per 1000 meters Ji 

coimected. This does not represent the total ** 

annual cost of the meters, as to this sum must 

be added the charges to cover depreciation, main- Q 

tenance, and interest on capital outlay, which are 
greater for energy meters than for ampere-hour 

The Wright meter, made by the Reason Manu- 
facturing Company, Brighton, is of the shunted 
type. The essential part« of the meter are the 
electrolytic cell, a fine wire resistance in series with 
it, and a low-resistance shunt, across the terminals 
of which the cell circuit is connected. The low- 
resistance shunt is placed in one of the supply f^ 
mains, and the current through the cell is a very " 
small fraction of the current to be measured, 
amounting to only a few milli-amperes. Fig. I 
represents the electrolytic cell of this meter. It 
(mnsists of a solution of mercuroue nitrate, a 
mercury anode A, and a platinum cathode C in 
the shape of a hollow cone. The mcrcurous 
nitrate solution practically fills the whole of the 
hermetically sealed glass tube T, except for two 
or three cubic centimetres of air to permit of 

expansion. On the passage of a current through * 

the meter, the mercury is deposited In minute 
globules in the platinum cone and falls into the 
U-shaped syphon tube G, alongside which is fixed 
a scale graduated in units. 

When a quantity of mercury calibrated to be 
equal to 100 units fills the U tube, its level in the fiq. 1. 

firet limb will be slightly above the top bend of the 

syphon. The whole of this mercury will be drawn over and will collect in 
the bottom of the sealed tube, which in this case is provided with a second 
100 iniit scale S. 

By means of the anode feeder F the level of the mercury in the anode 
trough A is kept constant. A slight flow of mercury from the anode feeder 
to the anode takes place when any of the mercury lias been electrolysed, 
whilst a corresponding amount of solution replaces the mercury thus with- 
drawn. The heavy solution formed at the anode falls, while the weaker 
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solution at the catbodo rises, and tho density of the electrolyte remains 
uniform. No differencea of wocentration exist, and, in coiiueqvieiice, the 
back E.M.F. is virtually negligible, not exceeding one teu-thouBandth of a 
volt. The resistance of the cell is also coTistant. Thia result is accompliBhed 
by the automatic gravitational eirculation of the solution, and by the action of 
the anode feeder in keeping the surface of the mercury of the anode always at 
the same hei^^ht and of the same area. The meter is also compensated for 
temperature changes tor a range of ten degrees Centigrade above or below the 

normal, as the fine 
wire resistance coil in 
series with the cell ia 
BO proportioned that 
its increase in resist- 
ance just counterbal- 
ances the diminution 
in resistance of the 
electrolyte with rise 
of temperature. Tho 
final adjustment of 
the meter is made by 
sliding the end wires 
of the low-resistance 
shunt up or down in 
the terminal blocks, 
thus varying the 
magnitude of the 
shunt resistance re- 
latively to that of thi! 
cell circuit. 

An illustration of 
the complete meter is 
given in Fig- 3, and 
represents the stand- 
ard 10 ampere type, 
reading to 1000 uiiitM. 
It is oncloeed in a 
strong cast-iron case, 
provided with a door 
having a window 
through which the 
scale can be read. 
When a meter has 
*'"*• ^ registered the maxi- 

„ 1 , . ■ -i. ,. , mum number of unite 

marked on ,U, «»k, .t must b. r„et to ,oro. The method ot r.H»ttmg the 
meter oon.„l. m t.llmg the whole tube about tho hinged .upporting hreckeU, 
so that the mcrcui^- gravitates back mto the anode and feeder 

To roluce tho adhe..ou of an, mercury on the cathode to a minimum, the 
Platmnm cone » eo.t«l „th finely d.vidai „,„,.Uic pi.tbum precipitated 
from , .olution of iJatm.e chloride. The aurface „ coated i. practiollj 
incapable ol enpportmg any mercury gbbula,. DifBcultiea ariiing fre» 
vibration arc elinniuited by .upporting the .hole of tho anode mercu^ on • 
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TO INSTALLATION 


cone of finely woven platinum gauze. This permits of free electrolytic action 
to the cathode, while the surface tension of the mercury prevents it from 
dropping through. The whole electrolytic cell is supported in its case on 
five spiral springs, to guard against jars and shocks. 

For 2^ up to 5 amperes the meter is furnished with a plain graduated 
tube which reads up to 250 units. Most of the defects inherent to electrolytic 
meters, especially of the shunted type, such as back E.M.F., varying 
proportionality between the shunt and cell circuit resistance, under-registra- 
tion at low loads, tempera- 
ture errors and large drop 
across the terminals, are 
eliminated in this meter, 
and a high degree of accu- 
racy is attained. As the 
curve of the meter is practi- 
cally a straight line, it is 
usual to test it at full load. 

The balance between 
the magnitude of the fine 
wire resistance and the 
resistance of the electrolytic 
cell can be tested in two 
ways. Either a full load 
test is taken at a tempera- 
ture difibring from the 
normal by about 10 degrees, 
or the resistance of the 
electrolytic cell circuit is 
measured by a potentio- 
meter at normal tempera- 
ture and at some higher 
temperature. With the 
meter properly adjusted, 
no change in resistance 
will be obtained. The point 
at which the mercury 
syphons over, in the case 
of meters fitted with the 
second scale, can be checked 
by shaking over mercury 
until the mercury column 
stands at 97 or 98 on the 
unit scale, and then by 

passing current through the apparatus until the mercury goes over. The 
point at which this occurs should correspond to the hundredth division of the 
scale. The meter is readily adapted for use in three-wire installations, in 
which two distinct two-wire circuits are used. Fig. 3 shows diagrammatically 
the arrangement. The installation is divided into two approximately equal 
sections, the neutral wire being split into two branches. 

At the point of j miction A of these two branches, two low resistances Rj 
and Rj are inserted, of equal value. The current through the cell will be 
proportional to the sum of the currents C^ and Cg in the two halves of the 
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Fig. 3. 
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installation. Thia can be easily bIiowh in the following maniieF. The 

difference of potential between and U, to which pointa the electrolytic cell 
with its compensating resistance is connected, is C^B, + C2R2, or when R,— 
Rj = R (say), this P.D. is R (C, + Cj), and therefore the current in the cell is 

^ ' *' , where r is the combined resistance of the celt and the coui- 

pengatingcoil. Hence the current in the cell will be exactly proportional 
to the snm of the two current*, and the one meter will register the total 
enenCT supplied to the three-wire installation. 

lite ^tJan Electrolytic Heter.— The Bastian ampere-hour meter, made 
by the Basttan Meter Company, is an unshuntcd 
electrolytic meter. It has the advantage of sim- 
plicity, and permanent accuracy when once cali- 
brated, while it also registers with the smallest 
current. The general construction and arrange- 
I ment of the latest type are shown in Fig. 4. It 
consists of two nickel electrodes inserted in a tube 
of uniform bore, which contains a solution of 
caustic soda. The top of the tube is closed by 
a porcelaiti cap, through which the rods of the 
electrodes project. These are joined by flexible 
insulated connections to the meter terminals, 
imbedded in sulphur in recesses cast on each side 
of the meter case. The scale reads direct in 
units, and can be slightly raised or lowered, so 
as to adjust the zero mark to the level of the 
electrolyte. A thin layer of paraffin oil rests on 
the top of the liquid column to prevent loss of 
water by evaporation or by the evolution of the 
gases on the passage of a current. The entire 
electrolytic apparatus is fixed in a cast-iron case, 
I the bottom of the tube resting on an india-rubber 
' cushion. The case is fitted with two covers, one 
of which has a window for reading the scale, and 
the other is to cover the terminals. In the older 
type of meter acidulated water was used as the 
electrolyte, and the electrodes consisted of platinum 
with lead leading-in rods. These constituents 
of the cell have now b^en abandoned owing to 
the large drop across the terminals which was 
Fio, i. obtained, amounting at full load to about 4 or 

5 volts, and to the trouble experienced with 
the lead rods. By the use of the caustic soda solution and the nickel 
electrodes the drop docs not exceed 1J% at full load on a 200 volt 
circuit. As the current passes, the electrolyte is decomposed and the gases 
evolved pass off into the atmosphere. The difference in the height of the 
solntion between two readings, as indicated by the scale, denotes the number 
of units consiuiied during the inten'al which has elapsed between the two 
readings. The reading is always taken at the junction of the oil film and the 
liquid. The Bastian Meter Company have obtained an almost black oil, which 
gives a much more defined line on the top of the water than ordinary paraffin 
oil, so that ito use greatly facilitates reading the meter. In the action of the 
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meter only the water is decomposed, and the specific gravity of the electrolytic 
solution increases towards the bottom of the scale. It is, therefore, only 
necessary to add fresh water periodically to fill the tube. 

The graduations of the scale can be readily checked without passing 
current through the instrument. The tube is filled with water up to the 
bottom scale-mark after the electrodes are inserted. With a burette graduated 
in cubic centimetres, a quantity of water is then added equivalent to 10 or 
20 units at the voltage for which the meter has been calibrated. 

The level of the liquid column is noted, and should coincide with the 
corresponding scale division. By repeating this process the accuracy of the 
scale graduations can be determined. 

General Description and Classification of Ampere-hour Motor Meters. 
— Motor meters form by far the largest class of electricity supply meters in 
commercial use. An ampere-hour motor meter has three essential parts — the 
motor, the brake, and the integrating mechanism. The motor consists of an 
armature which rotates in a magnetic field produced either by a permanent 
magnet or by an electro-magnet, usually in series with the armature. In both 
cases the current delivered to the installation flows either entirely or in part 
through the armature, which is connected to one of the supply mains. The 
motor drives the integrating mechanism and a brake, the function of which 
is to maintain a direct proportionality between the speed of the motor and the 
current flowing, so that the reading of the integrating train is proportional to 
the quantity of electricity delivered in a given interval of time. 

When a permanent magnet is employed for the motor field, the driving 
torque is proportional to the current. In this case the retarding device 
consists of a copper or aluminium bell or disc, which is mounted on the 
armature spindle and rotates between the poles of the permanent magnet. 
The Foucault currents generated in the bell or disc exert a brake torque, 
which varies directly as the speed, so that when these two torques balance 
one another a direct ratio is obtained between the speed and the current. 

If the magnetic field of the motor be due to an electro-magnet in series 
with the armature, the driving torque is proportional to the square of the 
current, and a brake system must be adopted such that the resisting torque 
varies as the square of the speed, as with air and fluid friction. It also 
follows, when balance occurs, that the rate of revolution of the armature is 
proportional to the current to be measured. 

In all cases, however, due to solid friction, a straight line law between the 
current and the speed cannot be exactly obtained. By making the driving 
torque large and keeping solid friction — Le. bearing friction, brush friction, 
and friction of the coimting train and gear — as low as possible, the departure 
from the straight line law is slight, and will mainly be noticeable at low loads. 

The integrating mechanism is a train of wheels fitted with index hands 
and dials, as in the ordinary gas meter type, or with rotatmg number drums 
or discs, the figures on which appear in line through slots in the dial face, and, 
in general, spring into position. 

In every case the registration is given direct in Board of Trade units at 
the voltage of the circuit to which the meter is to be connected. 

Ampere-hour motor meters may be divided into two classes — commutator 
motor meters and mercury motor meters. In the mercury motor meter no 
commutator and brushes are employed, the mercury bath accomplishing 
the same end, and in one of the types of the Ferranti meters the mercury 
constitutes, in addition, the armature of the motor. 
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The GhamberlAm-Hookham Amparfr-honr Meter. — The ampere-bour 
meter manufactured by Mesare Chamberlain & Hookham, Ltd., Birmingham, 
in in principle the same as a small series motor with permanent magnets. The 
driving torque is proportional to the current to be metered, and the work 
done is dissipated in Foucatdt currentti proportional to the speed. A section 
of the instrument is given in Fig. 5, showing in detail the construction of its 
constituent parts. 


The permanent magnet consists of a single bent bar A A of tungsten steel, 
mounted vertically on soft iron plates B B, and separated in the middle by a 
brass piece C. E E are the brake pole-pieces, and D D is the circular iroD 
brii^;e-piece forming the lowor half of the mercury chamber LL, in which the 
armature N is immersed and partially floated. The magnetic circuit of the 
brake field is completed through the air-gap in which the aluminium brake 
disc rotates, the upper pole-pieces R E, and the bridge-pieces G. The linea 
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of force constituting the driving field of the meter pass from the one soft iron 
plate B vertically downwards into the mercury chamber, cutting the armature 
disc ; they then traverse the iron bridge-piece D D, and re-enter the mercury 
chamber vertically upward^ again cutting the armature disc, and finally leave 
by the other iron plate B. An inteime mt^rnetic field is produced at B D in 
this manner, and is cut twice by the armature disc in opposite senses. 

The armature consists of a copper disc, slit radially, and amalgamated on 
the rim so that current can only flow diametrically across it, and is gon- 


centi-ated within the area beneath the brake pole-pieces. To prevent 
amalgamation with the mercury, the upper and lower surfaces of the armature 
disc are suitably protected, 

1 1 are the two main current terminals, and K K are insulated copper 
strips terminating in the mercury, which is insulated from the other parte 
of the containing vessel The current to be metered enters the mercury by the 
cop[>er strip connected to the + terminal and leaves the instrument by the - 
terminal after flowing through the armature and round the aeries coil H. This 
coil compensates for the increase of fluid friction with increase of speed on the 
high loads by weakening the magnetic flus cutting the brake disc. It does 
not afiect the driving torque on the armature disc, but only acta upon the 
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brake field. The effect of this coil can be altered by adjiisting the bridge- 
piece U on wlitch it M luoiintod, and thin iidjiiutmeut can be luied for altering 
the coiiHtMnt of the nteter nt the Iii^h Inadit ; it will not produce any approciable 
effect on light loadx. T)ie udjuMtuioiit of the brake torque relatively to the 
driving torque is carried out by wiHing or lowering the ami Y carrying the 
brake pole-pieces. . 

By means of tlie reduced neck at F of one of the brake pole-pieces, and 
by tlie use of the soft iron plates and bridge-pieces, the magnetic fields are 


Flu. 7. 

kept constant, and remain luiaffccted by any diniiuiitioii in the magiietistn of 
the permanent magnet. The weight of the rotating element is mainly 
carried by the meruurj', with the result that friction on the l>earings is very 
small. The meter stands on an ebonite base X X, and is enclosed in a caat- 
iron case of strong mechanical construction. For transit the armature 
spindle V is lifted off the lower jewel and clamped against the upper spring 
guide-bearing by the stop-screw in front of the inatmmeut, the latest type of 
which is illustrated in Fig. 6. 

The revolutions of the armature spindle are transferred to the index train, 
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the dials of which indicate direct in B.O.T. units at the voltage at which the 
meter is calibrated. The index hands on the dials can be easily detached and 
placed at zero, to facilitate testing and setting. Each meter is supplied with 
a meter constant, giving the time in seconds per revolution of the armature 
per ampere, and this can be readily checked by sending a suitable current 
through the meter and noting the time taken by the brake disc to make a 
given number of revolutions. The integrating train is removed by unscrewing 
two bolts, when another spindle with a different ratio wheel and worm can be 
inserted in it, which forms the usual alteration necessary to adapt the meter 
for use with a different voltage. 

To meet the demand for a cheap but reliable meter for the registration of 
small currents, this company supply their 1902 type for 1^ up to 5 amperes. 
The principle of working is the same as in the large type just described, the 
meter differing from it in constructional design only. The armature consists 
of a cylindrical copper bell rotating in an annular chamber filled with mercury. 
The chamber is formed by the poles of the permanent magnet and an ebonite 
block in which the poles are partially imbedded. The current of the installa- 
tion is led into and out of the mercury chamber by means of two conductors, 
of which the one is connected to the top of the chamber and the other to the 
imdemeath portion and on the same side. The current thufe flows down one 
side of the armature only, and the electro-magnetic action between it and the 
strong magnetic field between the poles of the permanent magnet causes it to 
rotate. The same field is utilised to produce the brake torque by means of 
the eddy currents generated in the revolving copper bell. 

A compensating coil in series with the armature is also used to compensate 
for the error at high loads, due to increased fluid friction. It is woimd on an 
iron core placed as a shunt to the poles, and is in the front of the meter, a 
view of which is given in Fig. 7. The action of the coil is to divert a portion 
of the field from , the*' poles of the permanent magnet to the core. In this 
manner the permanent magnet is shielded also from the effect of a short- 
circuit current. The adjustment of the meter on the high loads is made by 
the aid of the compensating coil, which is wound in sections. Either the 
whole coil or one or more of the sections can be used, and in this way its 
effect correspondingly varied. 

The Ferranti Meter. — The Ferranti ampere-hour niet^r is in reality a 
scries motor of the unipolar type, and is shown in section in Fig. 8, which repre- 
sents a 10 ampere size. The magnetic field is produced by a cylindrical electro- 
magnet, having inwardly projecting steel poles. The series coil C C is mounted 
on the steel pole S P, and is connected to the negative meter terminal marked 
T - , which is insulated from the magnet, and to the iron ring I R. This ring 
embraces the poles, and forms with them an annular chamber, which is filled 
with mercury. The mercury bath M B is insulated on the top and the bottom 
by means of fibre, and constitutes the armature of the motor. 

To prevent over-magnetisation due to an excess current through the meter, 
a soft iron sleeve S is slipped over the steel pole, which is magnetised to a 
certain degree for the meter to start with small currents. 

Prior to the use of the iron sleeve, the effect of a short-circuit current was 
to over-magnetise the steel pole and cause the meter to nni light and too fast 
on low loads. The brake system consists of a light fan of four vanes, im- 
mersed in the mercury, and mounted on a vertical spindle. The spindle runs 
in a jewel bearing, with, however, an extremely small amount of friction, as the 
weight of the revolving element is mainly borne by the mercury. 
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The current enters the meter at the positive terminal inaiked T + , whence it 
traveneB the pole S P and paases into the mereuty at the contact C. It then 



Fio. 9. 

flows radially throi^h the mercury to the iron ring, circulates ronnd the series 
coil, and leaves by the net;ative teruiinal. 

The electro-magnetic actioT) between the magnetic field of the electro-magnet 
and the current in the niercnry causes the latter to rotate, and with it the 
brake fan and spindle. 

The driving torque is in this case 
pro[»ortional to the square of the 
current, and the resisting torque 
due to the fluid friction on the fan 
is proportional to the square of the 
speed, so that when balance ensues, 
neglecting friction, the speed is 
directly proportional to the current 
flowing. The manner in which the 
revolutions of the meter spindle are 
conveyed to the integrating train 
will be uuderBtood by reference to 
Fig. 8 and Fig. 9, the latter of which 
is an illustration of the swing train 

at the back of the meter dial. The Fio, 10. 

worm W on the meter spindle drives 

a awing train ST, which carries on ita last spindle a ratio pinion, gear- 
ing with the ratio wheel on the first spindle of the indei train. Fig. 10 
is a view of the back of the front train, with the swing train removed, 


40 ELECTRICITY METERS. 

showing the ratio wheel, the top jewel bracket, and the swing plate. By 
means of this plate, which carries the ewing train, the first whee) can he 
adjusted to gear with the worm on the spindle. 

The high-load adjustment and the adjustment for different voltages are 

carried out by altering both the ratio wheel and the pinion. For this purpose 

the meter is provided with a complete set of these wheels and pinions. 

Particulars of the ratio wheel and pinion, and of the voltage for which the 

meter has been calibrated, are marked on the back of the dial, aa will be seen 

from Fig. 10. The wheels of the swing train have numbers marked on them, 

by means of which the revolutions of the met«r spiadlc can be read off, and a 

quick and reliable test made of the 

meter constant. A front view of the 

complete instrument is given in Fig. 

11, from which its sound mechanical 

construction will be readily seen. It 

is enclosed in a strong cast-iron case, 

which is divided into two chambers, 

separated by a thick presspahn washer. 

The upper chamber encloses the coimt- 

iiig train, and is provided with two 

windows, one in front for reading the 

dials, which indicate direct in Board of 

Trade units, and the other at the back 

for counting the revolutions of the 

spindle on the swing train. 

The meter has to be filled with 
mercury before it is placed on circuit. 
The top cover is first removed, then 
the mercury screw is taken out of the 
hole on the top of the train support, 
to be seen in Figs. 9 and 10, when 
the proper amount of mercury, pro- 
vided with each meter, is poured iu 
through a glass funnel. 

Messrs Ferranti, Ltd., have just 
recently introduced a new continuous 
current ampere-hour meter of the 
mercury motor type, but differing in 
J^o. II- many essential details from the one 

just described. The general construc- 
tion and working of the meter will be understood by reference to Figs. 


12 to 15. The armature in this case consists of a platinum-plated copper 
disc C D, immeraod in the mercury bath H B, formed by the two nickel- 
plated brass plates B P and the fibre ring F U. The plates B P are suitably 
insulated from the mercury on their internal surfaces by the presspahn 
insulation PI. The edge and centre of the copper armature disc are 
amalgamated, so as to ensure that the current passes through the disc 
from the copper contact Cj to the second copper contact C^. The armature 
is moimted on the steel spindle U, which nuis in a removable cup jewel J, 
and drives the integrating train through the worm wheel W W and a variable 
wheel gear. The armature is weighted by means of tlie weight W so that 
the disc just sinks in the mercury, considerably reducing the pressiire and 
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friction on the lower jewel, and the balance of the disc is adjusted by means 
of the three small nuts N. 
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Fig. 18. 


Two permanent magnets P M and two pairs of jx^les 8 D and S B ai-e used, 
the former pair producing the driving torque 
on the disc when current flows through the 
latter, and both pairs of poles produce the 
retarding torque proportional to the speed. 
The current to be measured flows from the 
poeitive terminal T^ to the copper contact 
Cj, from which it enters the mercury bath 
and flows through the armature disc, cutting 
the lines of force due to the driving poles 
8 D, and leaves again by the second copper 
contact C2 in series with the compensating 
coil C C and the negative terminal Tg. The 
rotation of the disc between the two pairs 
of poles sets up Foucault currents in the 
disc, w^hich, reacting with the magnetic 
fields of the two pairs of jwles, produce 
the brake torque proportional to the speed. 
When balance occurs between these two Fio. 14. ^-^ 
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torques, neglecting solid and fluid friction, i.e. when the condition of steady 
motion Ib reached, the speed is proportional to the current. At high 
toads, however, this proportionality between the speed and the current 
will be destroyed, owing to the mercury fluid friction, which causes the meter 
to run slow at tlie higher toads. To compensate for this disturbing effect, the 
compensating coil C (J, already referred to, is used, and is traversed b; the 
main current flowing. It is carried on the lower iron bar I, B,, which unites 
the bottom poles together. 
The top poles arc also joined 
through the upper iron bar 
I2 Bj. The coil is so wound 
that the lines of force {Fig. 12) 
produced by the current flow- 
ing go in the direction indi- 
cated by the arrows C F. This 
flux increases the magnetic 
field in the driving polee S D, 
and decreases the magnetic 
field in the retarding poles 
S B of the permanent magnets, ' 
the fields of which are shown 
by the arrows M F. It will 
be remembered that both pairs 
of poles retard the disc ; and 
since the flux of the one is 
increased and that of the other 
is decreased, the total retard- 
ing torque remains the same 
with or without the correcting 
coil. The driving torque is, 
however, increased at the high 
loads, so that the disturbing 
eflfect of fluid friction is recti- 
Hed, 

The meter is made, as ex- 
plained above, for sizes from 3 
up to 100 amperes, but for 
larger capacities is supplied 
with a suitable shunt. A 
small adjustment of the con- 
stant of the meter is provided 
by means of the variable re- 
Fio. 15. sistance VR (Fig. 12), con- 

nected as a shunt to the meter- 
It has six terminals. By connecting the lead L to the terminals from to 5, 
from to 5 per cent of the current is shunted from the mercury bath, and 
a speed reduction up to 5 per cent, can be obtained. By means of this resist- 
ance a simple adjustment of the uietef to a tew per cent, is obtained without 
the necessity of removing the existing ratio wheels and the fitting of 
others. 

Referring to the figures, the mercury is poured into the trough through the 
hole M U, which afterwards is closed with a screw, and the mercury chamber 
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is sealed, for transit or handling, bj turning in a clockwise direction the knob 
K (Fig. 12). 

The elements of the meter are enclosed in a strong castrirou case, and the 
terminals are arranged at the top of the instrument. The terminal chamber 
is separately sealed, and gives access to the mercury sealing-knob K without 
the necessity of opening the main meter case. The mechanical design, 
characteristic of the Ferranti meters, will be readily followed from the 
illustrations. 

The meter is very quickly tested, as the front dial has a j^ unit circle, and 
there is also a small wheel with graduations on its edge, by which readings 
can he taken of y^ of a unit. This wheel is readily viitiblc through the front 
meter window, and is clearly shown both in Fig. 12 and in Fig. 15, which is a 
front view of the complete meter with the cover and terminal door removed. 

The O'K. Meter.— An extremely simple 
atupere-hour motor meter, with au electrical 
efficiency of very nearly unity, is that in- 
vented by O'Keenan, of Paris, and known 
aa the O'K. meter. In this case the motor 
does no outside work beyond driving the 
integrating train and overcoming the very 
small amount of friction in the bearings, the 
armature being accelerated on the passage 
of a current in the circuit to which it is 
connected until the counter and applied 
electro-motive forces across the brushes are 
equal, when the speed remains steady, pro- 
vided the current does not vary. The speed 
of rotation is then proportional to the 
potential difference across the terminals. 
The O'K. meter is manufactured by the 
Compi^nic pour la Fabrication des COmp- 
teuiH, Paris, the Danubia Actiengesellschaft, 
Vienna, and by the British Thomson- Houston 
Company, Rugby. The main difference 
ezuts iu connection with the commutator 
and brushes, which are of silver in these 

meters of the French and German com- Fio. 16. 

paoies, whereas the British Thomson- Houston 

Company use gold commutator segment* and gold-tipped brushes. Fig. 16 is 
a Tiew of the O'K. meter of the last-named company. 

A strong permanent magnet is used having a stationary core of soft iron, 
supported on a bracket between the poles of the magnet. The armature 
rotates in the air-gap between the poles and embraces the fixed iron core. It 
is former wound and connected to a. four-part commutator. The whole 
revolving element is mounted on a vertical spindle, which nms in a sapphire 
jewel supported in a spring-seating in the jewel screw. The spindle is guided 
at the upper end, and drives through a fine worm the integrating train. On 
the right of the motor is a. low-resistance shiuit, to the ends of which the 
brushes are connected. This shunt resistance is joined to the terminals of 
the meter, and is placed in series with one of the mains to the consumer's 
circuit. No brake or resisting device is employed. The current flowing in 
the installatioD to which the meter is connected divides in the meter into two 


44 ELBCTRICnr METERS. 

parts, of which the one flows through the shunt and the other through the 
armature of the motor. When the circuit la closed the armature begins to 
rotate, and its speed increases until the baek E.M.F. of the revolving armature 
couuterbalaiice» the potential difference at its terminals. When this condition 
is reached, only so much current flows 
through the armature as is necctaiaiy to 
overcome the frictional resistances to 
motion, which are reduced to a miuimuni. 
The speed of the motor is therefore propor- 
tional to the F.D. acixKM the shunt resist' 
ance, and conse(]iieut]y to the total current 
flowing. Practically the whole current 
passes through the low-resistauce shunt, aa 
the current in the armature is almost negli- 
gible, and any alterations in resistance of 
the armature circuit will not influence the 
indications of the meter, which is therefore 
independent of temperature variations. It 
is also uninfluenced by short-circuits. The 
commutator and brashes are arranged at 
the bottom of the meter, and, together with 
the lower jewel- bearing, are protected by a 
separate cap, fixed to the main meter cover 
by a bayonet catch. These pai-ta are thus 
readily accessible for inspection and clean- 
ing. The general appearance of the meter 
with the case on will be seen from Fig. 17, 

The speed of the meter is regulated at 
fnll load by altering the position of the 
sliding contact of the low-resistance shunt 
n .. in series with the main circuit. The meter 

is usually made for small currents up to 
fifteen amperes. The Compi^^ie pour la 
Fabrication des Comptuurs, I'aris, however, adapt it for use on circuits taking 
up to 100 amperes, by compounding it with a pressure circuit consisting 
of a high resistance placed across the supply mains, and producing a constant 
small estra potential diftercnce be- 
tween the brushes of the armature. 
The method they employ will be 
imderstood by reference to the dia- 
grammatic sketch in Fig. 18, in which 
the meter is shown placed in the posi- 
tive side of the circuit. With the 
comiections as shown, the potential of 
the left-hand- brush of the armature 
A will be higher than that of the 
rightrhand brush, and the armature 
will rotate from left to right on the 
passage of a current through tlie low-resistance shunt H in series with the 
positive main. On light loads there will, however, be a tendency to run 
slow, as it is not possible to eliminate all the friotional disturbances to 
motion. If, on the other hand, by some means a potential difference is 
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established between the brushes, which will produce a current in the 
aiTnature just sufhcieut to give the necessary toi-que to overcome these 
frictional resistances, the torque and accuracy of the meter will be consider- 
ably increased, and its curve rectified at this end. This result, as already 
mentioned, is obtained by inserting a high-resistance R' between the right- 
hand terminal S and the negative main, and connecting the right-hand brush 
to an intermediate point C of this resistance. The current which traverses 
this high-resistance pressure circuit is only O'Ol ampere, so that the watt loss 
is low, being 1 watt per 100 volts. 

The constant drop across S C produced in this way is added to the drop 
across the low resistance through which the main current flows, augmenting 
the P.D. across the brushes of the motor. 

The high-load adjustment is made by altering the position of the sliding 
contact on the low resistance, and the friction compensation at light loads, 
that is, at about ^ full load, is carried out by increasing or decreasing the 
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portion S C of the pressure circuit between the right-hand terminal S and the 
right-hand brush, according as the meter is nmning slow or fast. Increasing 
this portion will raise the P.D. across the brushes, and therefore augment the 
speed of the armature. 

In Fig. 19 is shown a diagram of the arrangement of the O'K. meter when 
used by the British Thomson-Houston Company for a three-wire circuit. 

The meter is provided with two low-resistance wires Rj and Rg, in series 
with one another, and having their extremities connected to the armature 
brushes. 

The common junction of these two resistances is joined to the middle 
terminal of the meter, to which the neutral wire is brought, and each 
resistance carries the current in that half of the system to which it is 
connected. The speed of the armature depends on the sum of the potential 
differences between the common junction and the ends of the two resistance 
shunts, and the meter correctly registers the ampere-hours or watt-hours 
delivered to the three-wire circuit, irrespective of the loads of the two sides. 

The O'K. three-wire meter of the Compagnie pour la Fabrication des 
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Cuiiiptoura, Parix, consiHttt practically of two two-wiro O'K. meten comlnDed 

to form one iiiKtninieiit. The two amiatiires rotate between the <ipper and 
lower poIe-pieccN of two pemmneiit niag- 
netit, und <.>ikch im connected acruijs the ends 
of II «c[>nrate luw-re«iMtancc Blnint, the 
right-hand reuiiitance connected t^ the 
upper O'K. anuatnrc t>eing clearly visible 
in the illustration of their three-wire meter 
given in Fig. 20. Each resistance is 
traversed by the current in one of the 
oiiteni of the three-wire circuit, and the 
speeds of rotation of the armatures are 
respectively proportional to these two cur- 
rents. The two armatures are mounted 
on separate spindles, and each armature 
spindle drivea through a differential gear 
the one countiug train of the meter, which 
rcgisten* the number of ampere-hours or 
watt-hours consumed in the two branches. 
Electrically, the two purtious of the meter 
are quite independent of one another, 
which is an important feature, an, in 
consequence, the uarac accuracy can be 
obtained on each of the two sides of 
the syst«m whether they are equally or 
unequally loaded. The meter is com- 
pact, light, and has no shunt loss. Fig. 
2\ shows diagrammatical ly the method 
of coimectiou to be used. This meter 

is also used by the British Thomson-Houston Company. 

The Electrical Company's Ampere-hour Uptor Veter— The ampere- 
hour motor meter of the Hlectrical Company, i — i 

Limited, London (manufactured by the All- 

gemeine Elektricitats-Oesellschaf^ Berlin), 

differs from the O'K. meter in that the motor 

does work in the generation of eddy currents 

by driving a magnetic brake. For the 

general arrangement of the meter, type BA, 

front view of the instrument, see Fig. 22. 
The magnetic field, which acts both as 

a driving and a brake field, is produced 

by a powerful permanent magnet, having 

between its poles a stationary soft iron 

core. The armature is connected to a 

three-part silver commutator, and rotates 

in the air-gap between the soft iron core f 

and the pole-pieces. It is former wound , 

with fine wire, and the windings are 

placed on a light aluminium cylinder, pm. 21. 

which actfi as the brake. The brushes are 

composed of silver wire, and are connected to the ends of a shunt coiuusting 

of low -resistance wire or metal strip, which is traversed by the main current 
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taken in the instalUtion. On tlie paesage of a current through the shunt, a 
potential difference, amoiuiting to one volt at full load, is establiahed acrooB 
the bnishes, and the motor runs up to speed until the brake torque due to the 
eddies induced in the armature cylinder balances the driving torque, when 
the speed is proportional to the current to be measured. 

The spindle carrying the armature and commutator runs in a ball step- 
bearing, flexibly supported, and drives through a worm near it« lower end a 
cyclometer counting-gear, the figure of which spring into position and read 
direct in Board of Trade units. The special ball-bearing and cyclometer 
counter used by this company in their motor meters are described hi 
Chapter XIII. When a decimal portion is included on the counter, the figures 


are usually, as in most other types, coloured red, to distinguish them from the 
unit portion. 

The calibration at full load is proceeded with, as in the O'K. meter, by 
adjusting the position of the movable contact on the resistance wire in the 
front of the meter. 

The Eclipse Ampere-hour Ueter, type CR, manufactured by The Luiache 
Industrie werke. Munich, Germany (G, Braulik, Loudon), also coinpriaes a 
small electro-motor with a magnetic brake. The meter, with the cover 
removed, is shown in Fig. 23. Two permanent magnets, oppositely polarised, 
are used in this case to produce the magnetic field. The armature (Fig. 24) 
consists of three flat elliptically-shaped coils, A, B, and C, which are carried 
on a light aluminium disc D. The latter constitutes the magnetic brake, 
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having eddies induced in it by ita rotation in tbe magnetic field. The coils 
are connected together to forui a triangle, each comer of which in connected 
to ftailver segnaent of a three-part coiiiniutator oh which tlie bnialiea bear. Two 
coils are always in series with one another and in parallel with the third, and 
the effect of the one group is added to that of the other, as the two permanent 
maguets have opposite polarities. The two 
brushes are connected in parallel with a low- 
resistance wire, which is traversed by the cur- 
rent to be metered. Each brush is composed 
of two fine silver bands, which are held with 
their edges on the commutator by means of a 
light steel spring. 

The speed of the disc in regulated at full 

load by moving the adjustable bridge-piece on 

the resistance wire, and so altering the current 

in the armature coil, which is a fraction of the 

p,o_ 28. ™*'n current. - 

A cyclometer counter, driven by the worm 
on the meter spindle, integrates direct in units the energy consumed. 

The whole revolving element (Fig. 24) is very light, and the spindle runs 
in a spring-borne jewel, no locking device being employed for transit. By 
the employment of a three-part commutator, brush friction is considerably 
minimised, as in the case of the Electrical Company's meter. 


Hartmann & Braun Ampere-hour Heter. — Messrs Hartmann & Braun, 
of Frankfort (the Union Electric Co., London), manufacture a very interest- 
ing and novel ampere-hour meter, in which only one brush is used in con- 
junction with a three-part commutator. 

The armature coiisiste of three flat coils mounted on a light aluminium disc 
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which rotates between two vertical horseshoe magnets, with their opposite 
poles facing one another. 

Each coil is divided into two parts, arranged on the aluminium disc at the 
opposite ends of a diameter, and they are so connected, either in series or in 
parallel, that the fields they produce are opposed. With this arrangement 
the meter will start whatever the position of the armature, and is imafiected 
by external fields, on accoimt of the strong permanent field it possesses, and 
because the lines of force due to the armature coils run parallel to the axis of 
rotation. 

Fig. 25 is a diagrammatic representation of the armature system. A A', 
B B', and C C are the three coils ; they are connected togetlier at one end, 
and each coil is in series at its other end with a commutator segment and 



Fig. 25. 


one of the resistances \\\ , Wg , and W3 . The three resistances are connected 
together on the armature shaft. 

The construction of the meter is illustrated in Fig. 26. 

The permanent magnetic field is produced by two U-shaped magnets, which 
are secured to the cast aluminium base-plate of the meter, so that no possible 
alteration of the air-gap between their poles can take place. 

In addition to the flat coil system, commutator, and worm-wheel, the 
spindle carries the three small resistance coils of the armature circuit, which 
is branched off a low-resistance shunt mounted at the back of the base plate. 
This shunt is placed in series with one of the supply mains. 

A light spring bears on the rounded top of the armature spindle and serves 
to convey the current to the armature, from which it is conduct^ by the 
one brush on the commutiitor. The aluminium disc forms with the permanent 
magnet the magnetic brake of the meter, and the revolutions of the disc are 
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tranaferred in the itsiml manner to a counting mcchanian) with spriuging 
figureB. 

The instrument is mainly intended for the regiHtnition of amall currenbt. 
A noteworthy feature is the improved construction of the conuautator, where- 
by all disturbing influences arising from dust and sparking can be avoided. 
The different segments are not mounted in the ordinary way, but each one ia 
arranged below the other, giv- 
ing a large air-epace and secur- 
ing a high insulation. 

The Mordey-Pricker Am- 
pere-hour Meter, manufactured 
by the British Insulated Wire 
Co., Ltd., Prescott, is based on 
the electro-magnetic effect of a 
current, but differs from all 
other types of this class m 
being an oscillating meter of a 
Hpecial kind. It is a simple 
clock, the rate of which is con- 
trolled by the current in the 
circuit, and which stops when 
no current is passing. The 
ordinary hairspring of the bal- 
ance-wheel of the clock is re- 
placed by a disc of slate, on 
which are fixed a few iron 

The disc is motmted on the 
balance-wheel shaft, and is sym- 
metrically supported betwe«i 
two coils, which are traversed 
in series by the current to l>e 
measured. 

The cmrent in the coils pro- 
duces a magnetic field, which 
act« on ttie iron wires iu the 
same manner as an ordinary 
galvanised needle, magnetising 
them, according to the strength 
of the current, to a greater or 
less extent, and causing the 
disc to swing more or less 
'"' rapidly into a central or axial 

Fid. 28. position between the two coils. 

In conjunction with the action 
of the mainspring of the clock, the disc, and with it the balance-wheel, will 
oscillate at a rate proportional to the current in the installation. 

The coils thus act as a variable hairspring, and the clock, on the passage 
of a current, goes, and at a rate dependent on the strength of the current. 

The revolution.^ of the clock are transferred to a cyclometer or to a dial 
counter, which is geared to indicate directly the consumption in Board of 
Trade units for constant pressure circuits. The meter, which ia illustrated 
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in Fig. 27, is primarily intended for the registration of small ciirreuts, and 
readily starts with one 8 c.p. lamp at 250 volts. It can be used for either 
direct or alternate current cireiiita, and is independent of frequency for the 
periodicities met with in praetiee. The clock is provided witli an ordinary 
eight-day movement, and only requires to he wo\nid np once every quarter, as 


Flc. 27. 

1)11 small in stall ationis, for which it is intended, its average speed is very slow, 
(iiid, moreover, it does not go when the current ceasea. The balance- wheel 
shaft moves in a footstep jewel, and is, further, sometimes suspended by a 
torsionless silk fibre, attached to it by a bent wire spring. The object of the 
silk siispenaion is to relieve the jewel of the weight of the shaft balance-wheel 
and disc, and so safeguard it frtHii damage. 


CHAPTER IV. 

ft 

GONTOnrOTIS GUBBENT ENEBGT MOTOR METERS. 

General Description — Thomson Meter of the British Thomson-Houston Co. — Thomson Meter 
of the General Electric Co., U.S.A. — Duncan Meter— Vulcan Meter — Eclipse Meters — 
Meter of Mix k Genest, Berlin— Siemens-Schuckert Meters— Elimination of Friction — 
Evershed Frictionless Motor Meter — Hartmaim k Braun Motor Meter. 

General Description. — Continuous current energy motor meters depend on 
the well-known electro-dynamometer principle, in which the electro-magnetic 
action between the currents in a stationary coil and a movable one produces 
motion in the latter. This motion, in the case of motor meters, is converted 
into one of continuous rotation by the aid of brushes and a commutator 
electrically connected to the moving coil and carried on the same spindle. 

All motor meters consist of three essential parts, which are the motor, the 
brake system, and the integrating mechanism. The motor, in all the meters 
included in this chapter, contains no iron in either the armature or its field 
system. The field or main current coils are stationary, and are connected in 
series in one of the supply mains for a two-wire meter. The armature is 
composed of fine wire coils placed as a shunt circuit across the supply leads. 

The field coils are, therefore, traversed by the whole current taken by the 
particular installation in which the meter is fixed, whereas the armature is 
energised by a current proportional to the supply pressure. A high resistance 
is also used in the pressure circuit in series w^ith the armature, to keep the 
pressure current low and. to reduce the voltage across the brushes. The 
current in the main or series coils sets up a magnetic field which is pro- 
portional to the number of amperes in the main circuit, and the current in 
the armature produces another field of force, at right angles to that of the 
series coils, which is proportional to the voltage. 

These two magnetic fields exert at every instant a driving torque on the 
armature, which is proportional to the product of both fields, that is, to the 
product of the P.D. and the main current flowing, or to the actual power 
supplied in watts. 

The brake system is to absorb the w^ork done by the motor, and must be 
such that the retarding torque which it exerts is at every instant pro- 
portional to the speed of the armature. This result is obtained by rotating 
a non-magnetic metal disc, mounted on the armature spindle, between the 
poles of one or more permanent magnets. 

The portion of the disc embraced by the poles cuts the lines of force of 
the brake field at right angles, and at a rate depending on the number of 
revolutions of the armature spindle, and the Foucault currents generated in 
the disc will var}- in intensity as the speed. 

The resisting torque is at any moment proportional to the product of the 
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brake field of the permanent magnets and the strength of the induced 
curreutii, and, therefore, to the speed. When steady motion has been 
established, the driving and retarding torques will balance one another, 
neglecting all frictional resistances, and the speed will vary directly as the 
power supplied. The number of revolutions made in a given time will then 
be proportional to the energy consumed in this period. It must be 
remembered, however, that the assumption is made that the various 
frictional resistances which occur in a meter are negligible. 

These frictional resistances are — (1) friction of axle bearings, (2) friction of 
brushes on the commutator, (3) air friction, and (4) friction of the counting 
train and gear connecting it to the motor spindle. 

Generally, friction is considerably reduced, and in a well-designed meter 
does not influence its indications at high loads, being mainly noticeable at low 
loads. The matter is complicated still further, as friction is not constant at 
these low^ loads, but is a variable quantity. It may be mentioned here that 
^r friction is so slight that it is entirely neglected. 

To compensate for the frictional resistances, and to enable the meter to 
readily start with a small current when the magnetic effect of the main current 
coils is weak, a compound or auxiliary winding is used. This compensating 
coil consists of a few turns of wire in series with the armature circuit, and is 
placed relatively to the main current coils, so that the lines of force it produces 
augment the main field. At these very low loads the magnetic field of the 
Doain current coils is so w^eak that the torque exerted is, iniaided, insufficient 
to overcome the forces of friction. The additional torque is supplied in the 
nianner just explained. It will be seen that this supplemental field is always 
present, as the pressure circuit is always energised. Moreover, the compound 
winding becomes relatively of less importance as the load on the meter 
increases. The compensating coil is usually made adjustable, so that its 
distance to or from the armature may be varied to suit the immediate con- 
ditions of the installation. It is generally so adjusted that the meter starts with 
a current between 1% and 2% of the maximum capacity of the installation. 

The registering or integrating mechanism is an ordinary train of wheels 
and pinions gearing with one another, and the first motion wheel of the train 
is driven by a worm or pinion on the armature spindle. The staffs of the 
various vrheels carry either hands which travel over graduated circles on the 
front of the dial, or number discs or wheels, the figures on which appear in 
line opposite slots in the dial face. The integrating mechanism is invariably 
arranged so that its indications give the energy consumption direct in either 
Board of Trade or other convenient luiits without the use of a multiplier or 
constant. 

A motor meter may be regarded as a motor-generator, the generator 
consisting of a magneto-dynamo with a short-circuited armature. The work 
the motor does is expended in driving the dynamo, in which the energy is 
ultimately absorbed in the shape of heat, in driving the counthig train and 
gear, and in overcoming the remaining frictional resistances to motion. 
Meters of this class are very extensively used, and differ mainly in details of 
mechanical and electrical design, the relative arrangement of the various 
component parts, and the methods adopted to overcome the sources of error. 
In the descriptions which follow, the electrical features of motor meters will 
be mainly pointed out, and only those meters are included in this chapter 
which do not contain iron in the armature and field. In Chapter XIII. will 
be found a few of the more important mechanical details. 
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Tbaaaoa Watt-hoar Meter. — The latest typo of the ThomBon watt-hour 
iiictor, luatxifactiu-ed by the British Thuiusuii-Huimtoti Compuiiy, Limited, 
Hngby, is ilhistrated in l''ig. 28, It reprenent8 their standard houae-servicc 
mct«r, form A, for two- and three-wire circiiibi. Two main current eoils of 
rectangular shape are used, and are arranged parallel to one another, and 
witli their planes at right angles to the base of the meter. They are iiccurely 
held in position by meant) of clamps which fit in (pxxtves in the meter base, 
and which are fixed by means of screws. By loosening these screws and dis- 
connecting the two coils they can he readily removed to give access to the 
armature. The eoniponnd winding, which consists of a few turns of fine wire 
connected in series with the armature circuit, is divided into two sections, one 
being placed in eB4:h scries coil. The compensating coils are adjustably 
mounted, and can be moved relatively to the main current coils, to alter the 
effect for the light-load adjustment. When the meter is calibrated at the 
works, the position of each compounding coil 
is adjusted until the supplemental torque is 
just sufhcient to overcome the friction of the 
hearings, when the meter will register correctly 
on light loads. 

If, however, a meter should afterwards l>c 
found to run slow on light loads owing to the 
Iwarings wearing rough, it is only necessar}' 
to readjust the position of each coil by moving 
it nearer to the amiattire, so as to increase the 
auxiliary torque to a point where the increased 
friction is lialanccd. 

Symmetrically supported between the series 
uoils is the annature, which is drum-wound and 
is composed of about 3000 turns of insidated 
fine copper wire. It is carried on & l^ht steel 
spindle, which rests on a lower sapphire jewel- 
bearing, flexibly supported on a spring cushion 
hi tlie jewel screw. The upper pivot of the 
meter spindle nins in a guide-bearing, which 
serves solely to keep it central. 
FiQ, 28. "^he annature is wound in sections con- 

nected to an eight-part comniutacor, which 
is built up of silver sfgiuents and is mounted on the lower extremity 
of the spindle. Three phosphor-bronze wires are used for the bnishes, and 
their ends are fitted with tiny silver sleeves, with which they bear on the 
commutator. They are kept in position by their own tension and are easily 
dctAchablc. The commutator, bnishes, and the jewel step-bearing can be 
quickly examined witiiout having to disturb the main cover of the meter. 
They are protected by a aeparato dome-shaped cap, attached by a bayonet 
cateh to the main cover, an shown in Fig. 29. This is an important con- 
sideration, as the comnnitator, brushes, and jewel form the vital parts of a 
meter, and constitute the chief sources of trouble hiherent to meters of this 
class. They should therefore lie ipiickly and easily accessible during the 
o|>eratiou of tlic me tor. 

Tlie brake system is arranged at the t<)p of the instrument, and consists of 
two permanent magnets of tungsten steel, very carefully aged, and a brake 
disc of copper, which rotates between their poles. 
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The disc ia mounted on the meter spindle which drives throngh a grin- 
metal worm the integrating train. The 
dial r^fistcrs the energy consumed direct 
in B.O.T. unite, and is carried on the same 
bracket which supports the high<resistance 
coil in series with the armature circuit. 

The terminals arc at the bottom ur the 
instrument, and are protected by a separate 
ebonite cap, which also covers the fixing 
screws of the meter. The magnets arc so 
mounted that their potiitiou relatively to 
the brake disc can be altered for the pur- 
pose of decreasing or increasing the speed 
of the meter at full load. With the general 
arrangement adopted, immunity is secured 
from any demagnetising action of the main 
coils, or other current-carrying parts, on 
the brake uiagnctii. This might happen 
were these pitrts in close proximity to the 
brake system, and with esccssive overloads 
or a short^jircuit current the eflTcct would 
become very pi'onounced. 

In Fig. 30 is given a dii^ram of connoc- 
tions tor a two- or three-wire meter up to 75 

amperes, the dotted line showing the neutral Fic. 29. 

or middle wire in a throe-wire system. 

The TboDiBtni Meter. — The Thomson meters, manufactui-ed by the 
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Compagnie pour la Fabrication des Compteura, Paris, and by the Danubia 
.Vctiengesellschaft, Vienna, are almmt identically the same as the one first 
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described. Slight uiodiliuHtions occur in oouncctioii with tli6 bniehets. Thcee 
are compoeed ot tiny silver lamelltE^ bent round to form half-cylinders, and 
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bear with their two edgca on the commutator. The contact pressure is 

maintained by nieanit of uprings. 

One of the main featureu of the Thomson niet«r of the General Electric 
Co., Schenectady, New 
York, U.S.A., consists in 
the use of a. special adjust- 
able compensating coil. 

It is quite an easy 
matter to accurately com- 
pensate for any definite 
friction load. Friction, 
however, is a variable 
quantity, increasing some- 
what with time and use ; 
„ - and imless the compensa- 

tion l>e variable at will. 


The adjustable shunt field coil used by tins company is very clearly shonn 
in the illustration in Fig. 31 ot their standard two-wire small capacity meter 
for currents from 3 to 50 amperes. It is shown more in detail in Fig. 33. 
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All their meters, up to and including 10,000 amperes, arc now provided 
with this method of adjusting for light loads. In the two-wire meters, as 
illustrated, the coil is usually inserted within the left-hand main current coil, 
whereas in the three-wire sizes it is in the righHiand one. 

The larger types, above 1200 amperes, have two of these coils, either or 
both of which should he used for making the compensation. 

The adjustment can be very easily carried out without disturhing the meter 
when installed. 

The winged nut which clamps the support of the compensating coil to the 
main current coils is first loosened, and the shunt coil is moved either towards 
or away from the armature imtil the required degree of compensation has 
been effected. Moving the coil towards the armature will increase the speed 


on light loads, and movement in the contrary direction will produce a 
diminution iu speed. 

The coil can also l)e centred, relatively to the armature, hy moving it up or 
down, after releasing the knurled nut on the right of the coil frame by which 
it is fastened to its support. 

The parts and general arrangement of the meter will be readily followed 
from the illustration. Fig. 31. The brake system in tliis case is carried oii 
the bottom shelf of the meter, and the motor and integrating train are 
arranged well alwve the brake magnets. 

The Dnncan Watt-how Meter, made by the Duncan Electric Manufactur- 
ing Company, La Fayette, Indiana, U.S.A., poBsesscs many novel and interesting 
features. The general design of the meter will be gathered from the two 
illustrations Bhow7i, of which Kig. 33 is a front view and Fig, 34 is a side 
view of the meter. The two maiu current coils are supported with their 
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planes parallel to one another, and to the cast aluminium base at some distance 
from it. Both coils can be quickly and easily removed to allow for the 
inspection of the armature, commutator, and brushes. The brushes are made 
from hard-drawn phosphor-bronze having a thickness of '008 of an inch. 
They are faced with silver on those portions which press against the commu- 
tator, which is composed of eight silver segments, gold-tippei The brushes 
possess ample spring to ensure a good and reliable contact, and are mounted 
upon a moulded lava support, which does not, under the normal changes of 
temperature, cause the brushes to twist or get out of alignment, so that a 
constant pressure is maintained throughout all practical conditions of working. 
Another feature of the brush mounting is, that by removing only two screws 
the brushes with their lava support can be detached from the meter for 
inspection and cleaning without changing their original tension. 

The main feature of the armature is the large number of turns of fine 
copper wire used, having a diameter of '00314 inch. It is wound with 8000 
turns, and in consequence, besides being efficient, produces a high torque, a 
very essential requisite to ensure accuracy and permanence of calibration. 

A novel method is used for adjusting the friction compensation of the 
bearings and registering gear on low loads, and is accomplished by varying 
the turns comprishig the compensating coil. The compounding coil, which is 
detachably secured within the front series coil, is wound with 1000 turns, 
which are subdivided into ten parts by bringing out as many terminals, 
soldered at regular intervals to the coil as a whole, and these terminals are 
connected to the contacts provided on a small multiple point switch situated 
on the front face of the back support. The compensating switch and coil are 
clearly shown in Fig. 33. When the meter leaves the testing department 
at the factory, the little switch arm is at about the centre of the contacts. If 
the meter be found to creep after being installed, due to vibration or increase 
of pressure above that at which it has been calibrated, the lever is moved to 
the right. This action cuts out turns from the compensating coil, and thereby 
reduces the intensity of the field produced by it. This, in turn, decreases the 
supplemental torque due to the coil, and creeping stops. If the meter, how- 
ever, be found to run slow on light loads, such as one lamp, this shows that 
the friction of the bearings has increased. More turns of the compensating 
coil will therefore be required, and are thrown into circuit by moving the 
switch lever to the left. The increased number of turns of the coil augments 
the compensating field and increases the rotative power of the armature. 

In this way the meter can be accurately and readily adjusted in position. 
The compensating coil has a small resistance, so that altering the number of 
the turns will not sensibly increase or decrease the total resistance of the 
armature circuit to which it is connected in series. The maximum alteration 
produced is found in practice not to exceed one-half of 1 per cent. 

If required, the meter can be supplied with the compensating coil, com- 
prising an independent pressure circuit of its own, quite distinct from the 
armature circuit. In this case it is made with wire having a high resistance. 

The brake system is placed on the bottom shelf of the meter case at some 
considerable distance from the series field coils and all current-carrying parts ; 
and the magnets, from their position, are quite unaffected by any current 
flowing. 

These magnets are of tungsten steel, and are artificially aged in a very 
careful manner. The makers guarantee that their strength will not be 
impaired more than 1^ per cent, after the field coils of the meter have been 
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subjected to n ehort-circiiit current throiigli a fiisc of ciituicity ten tiiiius 
tliHt of the meter ibtelf. Ample miigo For adjuatuiciit is luadc For these 
magnets on the bottom shelf, ho that the corrci;t speed can Im obtained in 
testing. 

The whole revolving clement is made as light ns possible liy the nse of a 
brake disc of alnmini- uk load 

nni and a hollow steel ' 
spindle. The disc is 
held on the Bpindle by 
means of a split hub, 
and the worDi on the ' 
spindle drives the in- 
tegraUng train, which 
reads direct in kilowatt- 

The terminals are 
iiccured to the sidex of 
the pocket at the top 
of the meter l«se, and 
are insulated from the 
casting with pressed 
fibre. Fni. 35. 

^To Huit the different 
cases that arise in practice, the two-wire meters are supplied with either three 
or four terminals, and the three-wire meters with either four or live binding- 
poets. Fig. 35 is a diagram of cotmectioiis of a two-wire meter fitted with 
three terminals, the pressure circuit being connected Iwtwecn the left-hand 

main terminal and the 
central shunt binding- 
poat. In the two-wire 
meter with four ter- 
minals the anuature 
connections are made 
within the meter and 
to the two left-hand 
tcmiinals, to which the 
two supply mains are 
brought, the circuit 
mains of the instidla- 
tion being connected 
to the remaining two 
terminals. A diagram 
of connections for the 
three-wire meter with 
five tcmiinals is also 
given in Fig. 36. In 
this ty])e the armature 
circuit is connected between one of the outer supjily mains and the neutral 
conductor, so that it is Mubjected to the pressure on one side only of the three- 
wire system. In their three-wire meter witii tlic four biiidiug-posts the 
armature circuit is also made within the meter, and is between the two outer 
conductors, so that the total pressure of the three-wire system is used in this 
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caae. The arraii)i:omciit of the four terminals U exactly the same as in the 
two-wire four bindiiig-puHt type, no neutral eoiinectioii being required. 

By memiH of a 'vJHUal' bearing, described and illustrated in Chapter 
Xltl., the dctaohahlc spindle pivot and the jewel ean l>c ver}' readily and 
easily inspected without stopping the meter. The detachable pivot is retained 
in the lower cud of the itpindic by magnetism, the spindle being magnetised 
for this purpose. 

Some further important improveuieuts have l>eeu carried out by this 
eompany. Une of these relates to an entirely new method of connecting the 


armature with the conmiutntor segments without liaving to resort to the 
soldering iron. In this maimer new armatures may be placed in the meter 
with very great ease, avoiding tlie necessity of Iiaving to take the meter out 
of service. A new cumnmtator ixm in a similar way be subatitnted on the 
spindle without iui8i)ldering or resolderiiig any connections lietwcen it and 
the armature. A special switching mechanism permanently connected to the 
armature places it in electrical couununication with the commiitator. The 


two are uioimtcd together, and can be moved as a whole iiitially along the 
shaft, so that comiection between the commutator segments and the armature 
is readily broken or made. This improved method of connection is illustrated 
ill Figs. 37 and 38. Fig. 37 is a view of the armature and shaft with the 
brake disc removed, showing the coinumtator and armature connected for 
ordinary working eonditions. In Fig. 38 the connection between the 
armature and coumiiitatur is shown broken, tlic armature hub having l>eeii 
lowered on the shaft tor this purpose. The pivot has also been slightly with- 
drawn from the end of the shaft iu this view. The ends of the armature coils 
are soldered to spriug contact fingers, arranged in the form of a cone, and 
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mounted on an inBulated conical support on the extension of the armature 
hub. The commutator aegmente are correspondingly extended, so that when 
electrical connection is established they press upon the armature terminals, 
which are flezihle, and so give a good and reliable contact. The armature hub 
is securely locked on the shaft by means of two set screws, at right angles to 
one another. The shaft is made in-eectiouB, and the upper part carrying the 
commutator screws into the body of the shaft, from which it is removed by 
unscrewing it. When it m desired to renew a commutator, armature, or both, 
it is first neceaear}- to loosen the armature on the spindle and lower it until 
contact is broken, as in t'tg. 38. This is done in a few seconds by inserting 
a screwdriver between the armature coils and slightly releasing the two set 
screws. The commutator portion of the 
shaft can now be unscrewed and the arma- 
ture removed if neceAary. 

On replacing these parts, the armature 
is first slipped on the shaft and lowered, 
the commutator is screwed into position, 
and the armature is raised until proper 
contact is again made, when the armature 
hub is once more locked. 

The worm portion of the shaft is also 
made detachable, and is removed by simply 
unscrewing it at the knurled portion pro- 
vided for this purpose. Further details of 
the shaft will be found in Chapter XIll. 

The Vulcan Heter, made by the Com- 
paguie Anonymc Continentale pour la 
Fabrication dett Compteurs, Paris (Ueipel 
& Lange, London), is very similar to the 
ordinary Thomson meter. 

It differs from it in a few essential 
details. The armature consists of four coils, 
wound on ebonite formers, and the com- 
mutator is made of pure platinum seg- 
ments, mounted on ebonite, with air insula- 
tion between them, and each brush is com- 
pcaed of four silver wires. The commutator 
and brushes are arranged at the top of the 
meter, and are protected by an independent 
commutator dome, easily detachable from 
the main cover of the meter (Fig. 39). They c 
inspected, and cleaned if necessary. 

A departure is made from the usual i 
Foucault brake system. Ordinarily a horizontal disi 
between one or more magnets, with the magnetic axis vertical. 

In this meter a copper cylinder is used, which revolves between the poles 
of a series of vertically supported magnets, with their magnetic axes at right 
angles to the surface of the cylinder. In the illustration of this meter in 
Fig. 40 the arrangement is shown with ten magnets ; in the latest type, 
however, four magnets only are being used. The adjustment of the brake is 
carried out in a manner different from that usually employed. Generally, 
the magnets are so mounted as to admit of sufficient displacement relatively 
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I, therefore, be very readily 


connection with the 
mployed, which rotates 
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to the diso for alterations to be made in the speed of the meter. In thU case 
the magtieta, after beiiifr; oiicc fixed, cannot be altered. The brake cylinder is 
moved asially, so that it penetrates more or leas into the polar gaps according 
aa the speed JH to be disiinished or increased. The hub of the cylinder is 
itcrewed for this purpose, and the portion of the shaft which carries it has a 
screw thread on it, so that the cylinder can be quickly and easily rotated up or 
down along the shaft, affording a rapid method of obtaining a£ne adjustment. 
The hub m locked with a small set screw, when the adjustment is complete. 

Idle running is prevented by a small piece of soft iron on the brake 
cylinder. When the armature revolves under the action of a current in the 
main coils, the presence of the iron produces no effect. When current ceases, 
however, the armature rotates until the iron 
on the cylinder is between two magneto, iu a 
position such that the t'esultant action of the 
magnets upon it coinit^rbalances the driving 
torque due to the compound winding, and 
further rotation is arrested. 

The compounding coil consists usiially of 
one tuni, and is situated in one of the main 
field coils. 

The I'oltagc a<:ross the armature brushes 
is comparatively high, amounting to twelve 
volts, biit no sparking is experienced. The 
whole meter is insulated from the base by an 
cboTiite bed, and the resistance in aeries with 
the shunt is wound on four bobbins and sub- 
divided into eight coils. 

The Eclipfie Meter. — The Luxsche In- 
dnstriewerke, Munich, Uermany (tl. Braulik, 
London), in their meter known in this country 
as the ' Kclipse ' meter, use an open-coil 
armature consisting of three coils, with an 

I angle of 120 degrees between them, as in the 
well-known Thom sou-Houston arc light dyna- 
mo, in contrast to the closed-coil dnim-wound 
armatures in most meters. With this con- 
struction the full shunt current flows through 
the coils, whereas in closed-coil aniiatures 
f'"!"- *0. having parallel windings only half the shunt 

current flows through them. 
Hence, all other conditions remaining the same, the turning moment will 
be much greater. 

In addition, a three-part commutator only is necessary, and can, in 
consequence, be made of much smaller dimensions. Brush friction is 
considerably reduced hereby, a matter of importance at tow loads, as the 
accuracy in this region is lai^ely inflneiiccd by thia soiirce of frictional 
disturbance. Sparking at the brnshes, when an armature coil is cut out 
during a revolution, is avoided by attaching a smalt short-circuited winding to 
each of the three annature coils. When a coil is cut out during the rotation 
of the armature, the field due to the coil disappears, and in disappearing 
induces an K.M.F. iu the coil. This gives riac to a audden extra rush of cnrrent, 
which is dissipated in tlie ahort-circuitcd winding and no sparking occurs. 
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An illustration o! the meter is given in Fig. 41, and represents the 
standard ' Eclipse ' type for both two- and tlirec-wirc circuits. For two-wire 
circuita up to twenty ampereu the meter in slightly modified (t'ig. 4'2) ; one 


main current coil only in used, and the adjuHtablt.' com]>en«ating winding is 
then separately mounted on one side of the arinalnre, iiiuteHd of being placed 
within a series coil as in the larger type. 

The thin iron partition above the brake nmgnetH ften-cs not only to 
shield them from the influence of the 
main coils, but also to support the bnish 
gear. 

Fine silver-wire hrushea arc used, 
and are carried on email I'ods passing 
through slots in two terminal jxmtij, 
which arc mounted on and insulated 
from the shield. The rods are held in 
position by screws, and the brushes can 
be very easily adjusted and removed for 
inspection. 

Mix & Geneet Direct Current 
Energy Meter. — In the watt^hotir motor 
meter, type A.(J., Fig. 43, manufactured 
by Mijt A Genest, Berlin (the Inter- 
national Electric Company, lx>ndon), an 
oval-shaped armature is used, having 
two windings only. The two coils are 
woimd in planes at right angles to 

one another, and their four ends are Fid. 43. 

brought to a four-part commutator. 

The two windings are connected direct to the connuutator Hcgmenta, hut are 
joined to each other through an aiixiliary resistance mounted with the 
armature on the spindle. The usual high resistance in the pressure circuit of 
the meter is also used. Another feature of the connection between the 
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armature and the commutator is that the segments of the latter are ezt^ided 
through the hollow shaft and soldered to the ends of the coils, well within the 
armature. The object is to dispense with the small connecting wires, which 
would otherwise be necessary, and which are often a source of considerable 
trouble. The commutator is exceptionally small, being at its working part 
about a couple of millimetres in diameter. Brush friction is hereby much 
reduced. The segments are made of special silver alloy, and are held in, but 
carefidly insulated from, small brass collars, which are mounted on the 
armature shaft. Between these collars is the part of the commutator on 
which the brushes bear. They are three in number, and are composed of 
silver ribbon, slightly rounded at their bearing ends. Two of the brushes 
press on the same side of the commutator, the one slightly in advance of the 
other. They are insulated from one another at the brush terminal, but are 
connected together through a small resistance, their junction being connected 
to a shunt terminal in series with the external high resistance and a small 
non-creeping device. The third brush bears on the opposite side of the 
commutator, and is connected direct to the other shunt terminal of the meter. 
By means of this arrangement of the pressure circuit, sparking at the brushes 
is completely avoided. 

The armature is arranged symmetrically between two main current coils, 
which are held in massive gun-metal supports. £ither coil can be easily 
removed to permit inspection of the armature and commutator. 

The brake torque is provided by two permanent magnets, adjustably 
mounted, and a light aluminium disc, which rotates between their poles. The 
magnets are protected by a thin iron shield from any disturbing effect of 
currents in the main coils. 

To prevent shunt- running, and supplement the driving torque on the 
armature at light loads, a tiny electro-magnet is used, the coil of which is 
energised by the pressure current. The keeper of the electro-magnet, 
consisting of a couple of thin rectangular iron plates, is mounted on the 
armature shaft, and rotates between the poles of the electro-magnet. The 
effect produced on the meter shaft by this device is regulated by means of a 
small screw, the poles of the electro-magnet being separated or drawn nearer 
together by its aid. In the view given of the meter the resistance of the 
pressure circuit has been removed, and the non-creeping device will be seen in 
front of the two main coils. Although the meter starts with one-half of 1 
per cent, of full load, creeping does not occur with a 50 per cent, increase of 
the voltage above the normal. The meters are provided with two shunt 
terminals, so that the shunt circuit can be isolated for testing purposes, and a 
very complete subdivision of this circuit of the meter is employed. 

Siemens-Schuckert Continuous Current Motor Meter. — The Siemens- 
Schuckert Werke, Berlin (Siemens Bros. <fe Co., Ltd., London), manufacture 
four types of continuous current motor meters on the electrcxiynamometer 
principle, without iron in either the armature or the field. They differ 
principally in the number and position of the main current coils. Two of 
these, their GB and GK types, are included in this chapter, and illustrated 
in Figs. 44 and 45 respectively. 

The GK meter is used only for the registration of small currents. The 
general arrangement of each form is clearly shown in the illustrations. In 
the small meter one main current coil is employed, whereas there are two in 
the larger type. The armature is ball-shaped and drum-wound, and is con- 
nected to a silver commutator, on which bear easily detachable silver- wire 
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brushes. An adjustable compensating coil is fitted to the meter, and is 
situated within a main current coil in all the fonutt except the GK type, in 
which it is amtiiged inclined to the armature and above it. A copper brake 
disc rotating between the poles of either one or more brake magnets forma the 
brake sjstem, which is shielded against any demagnetising action of short- 
circuit currents by means of a sheet of iron. 

The revolutions of the armature are ooDveyed in the usual manner to the 
clock train of au integrating mechanism. 

To prevent idle ninning on the shunt alone, without any current in the 
series coils, under the influence of vibration, or shock, or increase of pressure, 
a small iron wire, designated a brake pin, is attached to the niet«r spindle 
above the brake disc. It is attracted by the steel magnets, and prevents 
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motion due to very small driving forces, but it is adjusted to allow the meter 
to readily start at 2 per cent, of full load. 

BUnunatiOD of Frictioil.— In the preceding descriptions it will be noted 
that the usual method adopted to ueutrahae the effect of friction is to correct 
for it by means of a starting coil traversed by the shimt current, and so 
arranged that its magnetic field assists that due to the main current coila. 
In this manner a more or less effective compensation can be applied. The 
difficulty lies in the fact that friction at low loads is not constant, but is a 
variable quantity. Another disadvantage is the tendency of the meter to run 
on the shunt alone. The magnetic field due to the compensating coil is 
alwavs present, as the shunt circuit is always energised, and a constant turning 
moment is being continually ejierted on the armature, although there may be 
no current in the main coils. A small increase in tlie voltage, slight vibration, 
or a jar will often be (juite sufficient to start a meter, lu conseijuence, a non- 
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creeping device is introduced, most commonly in the form of a light piece of 
iron wire on the brake disc, which prevents the meter from starting below 
1 per cent, to 2 per cent, of the maximum load. 

The problem of obtaining a straight line law can be almost solved, without 
the use of a correcting coil, by eliminating as far as possible the sources of 
friction. 

A large driving torque should be used permitting a heavy magnetic drag, 
so that the work done by the meter in the generation of Foucault currents 
should be large in comparison with the work the meter has to do in over- 
coming the friction of the axle-bearings, the friction of the brushes on the 
commutator, and, lastly, the friction of the counting train and gear connecting 
it with the motor axle. In other words, the ratio of the driving torque to the 
frictional retarding torque should be as high as possible, and the driving 
torque per unit weight of the revolving element should also be large. The 
driving torque, per «e, affords no criterion of the behaviour of a meter under 
working conditions, and is no guarantee of the retention of its original 
accuracy. The weight of the revolving element, and, if possible, the 
frictional retarding torque, should also be stated, together with the driving 
torque and shunt loss at the particular voltage. All these figures have a 
definite relationship to one another, and in making a comparison of meters 
it is essential to know them all. 

The Evershed Frictionless Motor Meter. — Mr Evershed, in his frictionless 
motor meter, manufactured by Evershed <fe Vignoles, Ltd., London, uses the 
method of removing the various causes of friction, and has succeeded in 
reducing the latter quantity to an even smaller value than 3 dyne-centimetres. 
He attains this end in the use of several ingenious devices. 

A magnetic suspension of the entire revolving element is used, and a top 
bearing is entirely dispensed with, the axle being held in position magnetically, 
i.e. magnetically pivoted. The brush friction is reduced by the employment 
of a novel form of commutator having elastic segments, and by the use of two 
light and freely pivoted wheels as brushes. 

The friction of the counting train and gear is entirely removed from the 
meter axle. The train is driven by an electro-magnetic device, the speed of 
working of which is controlled by the speed of the motor without any mechanical 
connection between them. 

The working parts of Mr Evershed's meter are illustrated in Fig. 46. A 
mild steel axle a supports the armature A, the brake disc F, and the coils 
D] I>2 which actuate the counting train. 

The jewel cup in which the axle rests is shown at J ; its upper end has no 
mechanical support, but is maintained in position by the magnetic attraction 
of an iron rod R, which is magnetised by the brake magnets M M through an 
iron yoke Y and forms the supporting pole. The distance between R and the 
end of the axle is adjusted by screwing R in the yoke Y until the vertical 
force nearly suffices to lift the whole weight of the armature, brake, and other 
parts attached to the axle. K is the commutator placed beneath the armature ; 
bb are the wheel brushes. The latter are pivoted in frames fixed on an 
ebonite base E. The commutator segments are fine iridio-platinum wires, 
supported at one end in an ivory collet, and entirely free at the other end, 
where they impinge and roll on the brush wheels. The pressure circuit is 
led to the brush wheels through their frames, and the step-bearing of each 
wheel consists of an iridio-platinum pivot resting on a flat plate of the same 
metal. The armature is arranged astatically, and is divided into two equal 
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portions, placed one above the other on the axle. A dnim-winding is used for 
the armature, a break being made, in the ordinary connte of winding, in each 
parallel, in order to insert the two little coils L), and !>,. 


D, is ill series with one of the two parallels of the dnim- winding and 
Dg in series with the other. They are consequently each traversed by one-half 
of the whole armature current ; and as they form electrically a part of the 
anoature circuit, the current in them is reversed twice in each revolution of 
the axle. The currents in D, and Dj are such that they reverse at the same 
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instant and flow it) the same direction. Surroiniding the train coils D, and Dj 
but not toHcliing thom is a ring of soft iron P, forming part of an iron lever 
L, mounted on a tiorizontal axle />. L Ib magnetised by induction from one of 
the brake magneUi, the iron bar U completing the magnetic circuit between 
S and H. P roeks up and down as the currents in the main coils periodically 
reverse, causing L to nuke a complete oscillation on ita axis in every revolu- 
tion of the armature. The motion of the lever is limited by stops, and ia 

communicated by means of a pawl to a ratchet 

wheel W, which is attached to the first axle of tbc 
' counting train. It will lie seen from the position 
occupied by the brake magneta relatively to \he 
main current coils that it is impossible for any 
excess current to demagnetise them, as their field 
is at right angles to that of the main coils. 

EaTtmaoD & Brann Motor Heter. — Messrs 
Hartmann A Braun, Frankfort (the I'nion Electric 
Company, Ltd., London), manufacture a very 
simple meter, in which they obtain a high ratio 
between the driving torque and friction by minimis- 
ing the frictional resistances inherent to meters of 
this class. 

A single bnish, with a three-part commutator 
of small diameter and a light revolving element 
weighing about 100 grammes, form the character- 
btic features by which they attain this end. 

Experiments prove that bnisli friction is the 
most fruitful source of trouble in commutator 
motor meteiB, and is a maximum as the brush 
passes from one commutator segment to the next. 
This passage takes place three times per revolu- 
tion per brush on a three-part commutator, so that 
in this case the frictional disturbance ia consider- 
ably less than in an ordinary Thomson meter with 
two brushes and eight commutator segments. 

With the arrangement adopted, the total 
friction is so considerably reduced that no com- 
pensating coil is required, exerting a continuous 
turning moment on the armature, both when 
current is and is not flowing in the main field coils. 
The special connections adopted for the arma- 
^°- *'■ ture circuit permitting the use of a single brush 

are shown diagram matically in Fig. 47. 
The armature is composed of three coils, a, b, c, which are arranged at an 
angle of 120 degrees with one another. In conjunction with the armature 
coils, three resistances rr. , w^ , and w, are used, each coil being in series with a 
conmiutator segment and a resistance. 

The free ends of the coils, as well as tliote of the resistances, are joined 
together, and the common junction of the armature windings is insulated 
from the spindle. The current entei's the armature circuit at the point of the 
common connection of the resistances with the armature spindle by means of 
a light spring which presses on the lattor. It is conducted away by the one 
brush on the commutator. 
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The armature coils are all similarly tround from the commutator, and 
ciuTent flows in them so that two are always polarised in the same aeiiHe, 
whereas the third, in which the current is double that in the other two, is of 
the opposite polarity. The total current in the armature remains practically 
constant during a revolution, and only increases by a very sniall percentage 
at the moment when the brush is making simultaneous contact with two 


The meter itself is illustrated in Fig. 48. 

It consists of the armature and resistances, a main current coil, the usual 
magnetic brake, situated at the top of the instrument, and a counting 
mechanism with springing figures. The 
resistance coils connected to the arma- 
ture windings weigh unly about 5 per 
cent, of the total weight of the mov- 
ing system, and they are therefore 
mounted with the armature ou the 
spindle. The resistances used in the 
pressure circuit to keep the current in | 
the armature low arc wound in sections 
on bobbins fised to the meter base on 
either side of the counting mechanism. 
In the two-wire meter only one main 
current coil is used ; the whole instru- 
ment is exceedingly compact, and its 
parts are readily accessible. The top 
spring connection is protected by a 
small shield, and the brush and the 
comnnttator arc clearly shown in the 
illustration. No compensating coil is 
employed, but two small electro-mag- 
neto produce a supplemental torque for 
equalising the whole driving torque. 
As already indicated, with the special 
armature connections adopted, one 
armature winding always curries a 
current of double the strength of that 
flowing in the other two coils, and each 

electro-magnet is so arranged that the 

torque it eierts acts in a positive sense '^''- **■ 

on this coil, and only at the moment 

when the reversal takes place, i.e. when the brush is leaving the segment 

joined to this coil. The sphere of action of each electro-magnet is thus 

limited to one coil, so that shiuit rmining is completely prevented. 

The two eleotro-inagiiets — as will l>e seen in the illustration of the meter 
— are in front of and ou either aide of the armature, and are supported on 
springs attached to the uprights on each side of the main field coil. 

They are further so arranged that they cause tlie meter to run com- 
paratively faster at low loads than at full loads. With this improvement 
their meter, when new, will run winiewhat too fast, si) that in case the 
friction should increase during long-continued use, it will show a better and 
not a worse agreement' between the constants at tlie low and high loads. 


CHAPTER V. 

CONTINUOUS GUBfiENT ENEEGT METEBS OF DIFFERENT 

TYPES. 

Aron Clock Meter — Electrical Company's Oscillating Meters — Acme Meter — Deutsch- 
Russische Meter — Peloux Meter — Bi'ush Sangamo Mercury Meter — Uookham Mercury 
Meter. 

In the present chapter are included descriptions of some direct current 
energy meters, which, although based on the well-known electro-magnetic 
principle, differ in many essential details from the energy motor meters 
included in Chapter IV. Many of these meters are typical of distinct classes, 
and in some cases are the only representatives in commercial use. 

The Aron Clock Meter. — The most successful clock meter in use at the 
present day is the well-known Aron watt-hour meter, invented by Dr Aron, of 
Berlin. Only the latest form, embodying the most recent improvements, is 
here described. The principle of the Aron meter is the same as that employed 
in all continuous current energy meters, with the difference that the electro- 
magnetic interaction between the currents in the stationary and movable 
coils is not used to produce motion, but to influence an already existing one — 
in this case, the swing of a pendidum. 

The very simple mathematics illustrating the law of the meter is given 
on page 23 in the chapter on the theory of continuous current meters, 
from which it will be seen that the meter depends on the difference in the 
rates of oscillation of two pendulums. The meter readings are not in any way 
dependent on the actual speed of either pendulum, but only on the differences 
in speed produced by the passage of a current in the circuit to which the 
meter is connected. In the earlier forms one pendulum only was accelerated 
by the current, while the other simply oscillated at the normal rate, acted 
upon by the force of gravity alone. 

A greater sensitiveness and range are, however, obtained by arranging 
both pendulums so that each is influenced by the current, as in the present 
type, the one being accelerated and the other retarded. Distinct from the 
older patterns, the axes of the different coils are all vertical. 

A general view of the two-wire house-meter, with the cover removed, is given 
in Fig. 49. Fig. 50 illustrates the arrangement of the pendulum P with 
pallet p^ escapement wheel E, and potential coil C. 

Each pendulum carries a potential coil, energised by the supply voltage, 
and swings above a stationary main current coil. The two pendulum coils 
are connected together in series and with resistances, to reduce the voltage 
across their terminals and keep the shunt current low. They are similarly 
wound, and are each traversed by the shunt current in the same direction. 

70 
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The two main current coils are ako in series with one another, but are 
wound in opposite senses, so that the main current flows in one in a clock- 
wise and in the other in a counter-clockwise direction. As each pendulum 


Fio. 4B. Fio. 60. 

coil presents the same polarity to the series coil above which it oscillates, 
and the two series coils are oppositely polarised as regards one another, the 
result is a retardation of the one pendulum and an iicceleration of the other. 
The difference in speed thus produced is pro- 
portional to the power in watts, and is con- 
tinuously integrated by means of a diflerential 
gear and counting mechanism, in every way 

similar to the method employed in the earlier x 

meters. The differentia] gear is illustrated 
in Fig. 51, and the parts are shown in Fig. 
52, It consists of two side wheels W, Wj 
running loose on their shafts, and driven in 
opposite directions by the two clocks at 
speeds respectively proportional to the rates Fio. 61. 

of swing of the two pendiihims. Between the 

two wheels, and gearing with them, is mounted the planet wheel Wj at right 
angles to their planes, and carried on a spindle rigidly attached to the main 
horizontal aile A. So long as no difference in speed exists between the two 
wheels W, and Wj the planet wheel W, will merely revolve on its own axis, 
but as soon as one wheel goes faster than the other it will turn round and 
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carry with it the comiterpoiues G and the main axle A. The motion of the 
main axle is communicated to the train of wheels moving the pointers on the 
dials, which sum up the differences in speed and indicate in the usual manner 
the amount of energy consumed in B.O.T. units. The clocks are made self- 


winding by'meana of an electrical winding gear, removing the disadvantage, 

inherent to7the earlier meters, of the necessity to periodically wind up the 

clocks. Without the electrical winding arrangement, it was essential to wind 

up the clocks about once a month, 

as otherwise the clocks would stop, 

and the record with them. 

A front view of the gear is 
shown in Fig. 53, and the three 
Figs. 54, 55, and 56 are diagram- 
matic representations to illustrate 
its workii^. 

The power apring S {clearly 
seen in Fig. 54) controls the two 
clocks, and is wound up every 
thirty seconds by means of an 
eiectro-niognet M. The armature 
of the electro-magnet consists of 
a Z-shaped piece of soft iron N, 
pivoted between the poles. At- 
tached to the armature at B is 
the spring H, the other end of 
which is Hecnrcd to the magnet 
frame at F. The winding gear in 
Kio. 53. its normal position before the spring 

is wound up is shown in Fig. 54. 
The electricitl circuit is indicated by the dotted line A, and is opened and 
closed at the contact pin X liy means of a special switch K, which is pivoted 
at D. When the circuit is closed and current passes, the coil of the electro- 
magnet becomes energised. The armature N is then attracted and is rotated 
clockwise through about a quarter of a revolution, carrying with it the power 
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spring S, which is thus wound up. This condition with the spring fully 
wound is shown in iig. 55. 

Simultaneously the pin X, which is fixed to the armature, is turned roimd 
and opens the switch, the insulated right-hand arm of which now rests on the 
pin instead of the silver contact plate Cp, to which the other end of the 
circuit is joined at D. 

As the spring imcoils it hrings back the armature, and with it the pin X. 



Fio. 54. 


When it reaches the normal position, contact between X and Cp is again 
established and the circuit closed. 

A small amount of surplus power is left in the spring, so that a rubbing 
contact is always obtained between the plate Cp and the pin X. In addition, 
a quick make and break action is given to the switch by tiie spring 0. This 
spring is fixed to the switch above its point of rotation, and pulls it sharply 
on or off, according to the position of the switch relatively to its pivot D. 
The whole switch gear is mounted on rubber to render the operations of open- 
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ing and closing the circuits as noiseless as possible. The contact plate Cp is 
canied by a flat spring attached to its arm. 

The driving spindle Z is actuated by the power spring S through a ratchet 
wheel and two pawls, shown in Fig. 56. The ratchet wheel is keyed to the 
driving shaft, and, while the spring is being wound up, is held in position by 



Fig. 56. 


the upper pawl P, which is fixed to the magnet frame. As the spring un- 
winds, the ratchet wheel is driven round by the lower pawl Pj on the 
armature. In order to enable the two clocks, going at different rates, to be 
driven by one mainspring, a second differential gear, precisely the same as 
that already described, is introduced. 

It has been explained how the differences in speed between the two 
pendulums are transmitted to the counting train ; and consequently any 
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iidulumB, when no current ia flowing i 
II the meter diak either one w&y or th 


w&nt of ayiichrouism between the pe 
the main coils, would be registered o 
other. 

This effect ia neutralised by introducing a reversing mechanism, Fig. 57, 
which at regular intervals of ten minutes causes 
an extra wheel to be placed in or out of gear 
between the differential wheel and the counting 
train, reversing the direction of rotation of the 
latter. 

Referring to Fig. 57, D, is the driving wheel 
on the differential gear which actuates through 
the intermediate set of wheels the first motion 
wheel Dj of the integrating dials. 

Acting alone, this reversing mechanism 
would also destroy the differences of sfteed 
produced by the pasuagc of a current, so that 
a couimutator is employed in conjunction with ^ 
it. This commutator, simultaneously with the 
action of the reversing mechanism, reverses the 
current in the pendulum coils, causing the Fio. M, 

retarded pendulum ta be accelerated, and the 

accelerated one to be retarded. The commutator C, illustrated in Fig.'^58, 
iH mounted on an axle which carries on its Front end the cam C,. By means 
of the pill attached to this cam the wheel work of the reversing gear is 
controlled. Both mechanisms are driven by the main power spring, but a 
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Fio. £ 


timall intermediate spring produces the quick action necessary to work the 
commutator. It is wound up and suddenly released every ten minutCK, 
rotating the commutator through half a revolution and operating the revers- 
ing lever. 

The meter is unaffected by external magnetic fields. This result is due to 
the two potential coils on the pendulum bobs being similarly wound, and 
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being each traverBed by the shunt current in tho Bame direction. EiLch 
pendulum is therefore influenced by the stray held external to the meter in 
exactly the Bame manner ; each is either accelerated or retarded. This will, 
however, not in any way influence the meter indications, as they depend solely 
on the difference in speed of the two pendulums, and not on the actual rate of 
oecillation of either. 

From tho principle of the meter it follows that any current in the main 
coile, however small, will gradually accumulate a correct record on the dials. 

The enei^y expended in the shunt circuits amounts to a little over three 
watta for a 200 volt meter. 


The Aron meter is equally accurate on direct and alternating currents 
For altematinfr currents, however, the winding gear, being highly inductive, 
must be wound to unit the periodicity of the circuit on which it is to be used. 

In the three-wire meter each main current coil is inserted ui one of the 
outer mains, and tlie prcissiire coils are coiniected in scries across the whole 
three-wire system, tlie junction of the two volt owils behig coiuiected to tlie 
neutral wire. Tho Aron three-wire meter, therefore, nie«snrea the true energy 
consumption in the whole system when connect«d in this manner, however 
unbalanced the two sides may be, and whatever the nature of the supply 
current, in contrast to the ordinary three-wire energy motor meter, which only 
gives the true amount under certain conditions, 
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The Electrical Oompany'B OsciUating Direct Current Meter.— The 
continuous current watt-hour meter of the Electrical Company, Limited, 
London, has many characteristics distinguishing it from energy meters 
designed for continuous current work. In common with all these meters the 
same principle is used, but, by adopting a special device, an oscillatory motion 
is produced instead of one of rotation. 

The armatiure coil, which is in the pressure circuit, oscillates between two 
fixed points in the magnetic field of the main current coil. No iron is used in 
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Fig. 60. 


either the field or armature. Current is conducted to and from the oscillating 
coil by means of two fine helical silver threads, and brushes and a commutator 
are dispensed with, entirely removing the frictional disturbances incident to 
their use. The meter is rnade in two parts, electrically but not mechanically 
connected — the meter proper, and a relay actuating the counting train. 

Fig. 59 is an illustration of the meter, type K.G., and in fig. 60 is given 
a diagrammatic sketch of the swinging system. 

H is the stationary main current coil, in front of which the armature S is 
mounted on the vertical axle A. The axle rests on a bottom ball-bearing. 


78 


ELECTRICITY METERS. 


flexibly supported, and has attached to it the contact arm K and the brake 
disc D. This disc, together with the pcimanent magnet M, constitutes the 
usual magnetic brake. The magnet is screened from any demagnetising 
action of the main current coil by a thm iron sheet, which further serves to 
carry the contact stops K^ and K2. These stops limit the extent of the 
oscillation, and, in conjunction wnth the contact arm and the relay, reverse the 
direction of the shunt current in the armature coil in a manner to be described 
later. 

At F are shown the two helical silver conducting threads, which are of 
such a length that their torsion does not affect the sw^ings. 

The relay is diagraauuatically represented in Fig. 61. It is composed of 
two electro-magnets £^ and £2 , the common armature of which is fixed to the 
pivoted arm R. This arm establishes electrical contact alternately with each 
of two contact stops C^ and C^ according to which electro-magnet is operating. 

The rocking motion of R is communicated 
to the counting train through a pawl 8 and 
a ratchet w^heel r. 

The counting mechanism is of this com- 
pany's well-known cyclometer type, and its 
friction is completely removed from the oscil- 
lating meter axle in this manner. Further, 
the work expended in actuating the train is 
accomplished by the shunt current. 

No starting coil is used, and consequently 
the meter is free from running on the shunt 
alone. 

For very low loads, below one-tenth full 
load, the field due to the resistance coil on 
the right of the armature in the small type. 
Fig. 59, is used as a fine adjustment for 
friction in the calibration of the meter. The 
field of this coil is, however, so weak that 
with double the pressure it does not produce creeping. 

The action of the meter can best be followed from the diagram of the 
electrical connections given in Fig. 62. S is the oscillating armature coil, H is 
the main coil, r^ and r^ are the resistances used in the pressure circuit, and 
Kj , Kj , and K are the contact stops and contact arm of the meter proper. 
The relay circuit is shown in the same way, above the connections of the meter ; 
£j and £2 are the two electro-magnets, and R is the rocking arm carrying the 
common armature, C^ and Cg being the two relay contact stops. 

In the position shown, the coil S is just about to complete its forward 
swing from left to right. 

The current in the shunt circuit is flowing from the + shunt terminal 
round £3 to the contact Cg. From this point it is passing down the armature 
coil S in shunt with the resistance r^ , and leaves by the - terminal after 
traversing the resistance r^ in series with the second electro-magnet £j. This 
condition obtains until the arm K impinges on Kg at the end of the swing. 
The electro-magnet £3 is immediately short-circuited on itself, and the path 
of the current is through Kg and K into the armature coil S in series with 
both rj and £1. No current is in £3 , and the contact at C^ is broken by the 
arm R being pulled over by the attraction of £1 on its armature, when contact 
is made at C^. 



Fig. 61. 
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The arm K now leaves the stop K, due to the impact ; it does not strike 
the stop and leave it iiiataiitaneousl;. The actual contact is made by a 
platinum strip flexibly carried on the arm itself. The result is that contact is 
inaintained just long enough to allow the relays to operate before the armature 
contact is opened. 

It will be seen that in this manner no part of the pressure circuit is broken 
under current, and that no sparking, with the consequent wear at the contacts, 
can occur. The moment K leaves Kj, the current is reversed in the coil S, 
which now executes a backward swing from right to left. At this stage the 
current takes the path from the + shunt terminal to Ej, in series with r^ It 
then flows up the armature coil in shunt with the resistance r^ and passes 
from the contact C, round the electro-magnet E, to the - terminal of the 
meter. As soon as K touches K, the same cycle of operations is repeated, but 
reversed as regards direction, 
and the armature starts to swing 
again from left to right. 

It, of course, continues to 
oscillate backwards and forwards 
BO long as a current is flowing 
in the main coil. During each 
complete oscillation the ratohet 
wheel on the first motion shaft 
of the counting train is ad- 
vanced through one tooth. A 
complete oscillation, i.e. the 
whole motion of the swinging 
coil ia passing a given point 
twice in the same direction, cor- 
responds to a complete revolu- 
tion in a motor meter with 
continuous rotation. The num- 
ber of complete oscillations 
executed in a given time will 
be, in t^e same manner, pro- 
portional to the energy delivered 
in that time. 

The action of the meter is P"*- ^^• 

quite continuous, and is not 

intermittent as in meters with periodic addition, which form a class distinct 
in themselves. These intermittently registering meters are, however, not 
iised at the present day. 

The meter is suitable for two- and three-wire continuous current circuits up 
to 100 amperes. Above this current the Electrical Company use their large 
oscillating meter, which is exactly the same in principle as the one just 
described. It differs from it in a few particulars. Two main current coils 
are used, and the armature, which is symmetrically supported between them, 
consists of two halt coils oppositely wound, each of which is furnished with its 
own contact arm. Three helical silver threads are used in this type to 
conduct the current to and from the swinging coil. The relay and the counting 
mechanism are actuated in exactly the same way as in the smaller meter, but 
the windings of the relay magneto are in series with the two halves of the 
armature coil and the two resistances of the shunt circuit. 
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Two brake iiiugnetH are usually used. The general arrangement of a two- wire 
meter, type H, HUitahle for SOO amperes, is depicted in Fig. 63. The armature 
coil oHcillatcB, aa before, between two contact utops. During a swing from one 
extreme poHition to the other, only one winding of the armature is active, the 
other remains short-circuited on itself until this swing has been completed, 
when it becomes the active half, and the other, previously in circuit, is short- 
circuited on itself and remains inoperative until the armature again starts 
from itn initial position. Figs. 64, 65, 66, and 67 show bow this oscillatory 
motion is obtained, and represent diagrammatically the electrical circuits of 
the meter aiid relay. 
\ Fig. 64 gives the extreme position 

I on the left, with the coil just about to 
I swing from left to right. In all the 
1 figures the shaded portions indicate 
those circuits which are short-circuited 
on themselTCfi and do not carry any 
current. In this position the current 
flows through the right-hand electro- 
magnet in series with the left-hand 
winding of the armature coil and the 
two resistances. 

Fig. 65 shows the coil in the middle 
of its swing, the two electro-magnelx 
, being now in series with the same 
I winding as in Fig. 64 and the two 
resistaiices. Fig. 66 is the extreme 
right-hand position. It will now be 
seen that the right-hand coil, which 
has remained short-circuited through- 
out this swing, is now operative, and 
that the right-hand electro-magnet 
winding is closed on itself. 

The current now passes through 
the right-hand coil iu series with the 
resistances and the left-hand relay. It 
is, moreover, reversed in the armature, 
so that the armature coil will be re- 

pelled from this position and will awing 

back. Fig 67 corroepouds to Fig. 65, 
but the current conditions are inter- 
changed OS regards the windii^. 
No starting coils are used in this type, and the meters do not register on 
open circuit. 

As in the small typo, the resistance coil on the left of the armature and 
field system (Fig. 6;() supplements the driving torque for loads below one- 
tenth load, and this coil is adjustably mounted, so tliat its effect can be 
regulated in calibrating the meter, 

They readily start with 1 per cent, of the maximum current, and the 
registration is made on this company's usual cyclometer coimt«r. 

The meter is unaffected by external magnetic fields, as the two halves of 
the armature coil form an astatic combination. 

The 'Acme' Direct Current Watt-hour Meter exhibits some novel 
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featurea of conBtructioD and arrangeiuent. It« annature consists of ati 
astatically arranged iron core, magnetised bj a single stationary ahunt coil and 
caused to rotate by two stationary main ciirrent coils. The relative position 



Flo, 64. 
of the abiint and main coils i 


well shown in the ' 


FiQ. 66. 
;w given of the meter i 


The utilisation of the iron armature enables a large torque to be obtained 
with a light revolving element. The hysteresis errors dne to the use of iron 
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are small and do not affect the accuracy of the meter. The iron core is bo 
constructed that the upper pole-piece, readily visible in the illustration, 
revolves inside, while the lower one revolves outside the field coils. Both 
pole-pieces are situated on the same side of the armature spindle and are in 
close proximity to one another. This renders tlie instniment almost 
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completely independent of estcnial luagnetic influences. The work done by 
the meter is absorbed, in the customary manner, by eddy currents generated 
in an aluminium disc, which is supported at the upper extremity of the 
armature axle, and which rotates between the poles of a permanent mo^et. 
The polarity of the shunt coil ia reversed twice in each revolution of the 
armature by means of a special commutating device. This latter is composed 
of a laminated commutator mounted on ib< own shaft, supported on two 
special bearings. The commutator has no mechanical connection with the 
armature spindle. Both 
the commutator brushes 
are electrically connected 
to the stationary shunt 
winding, and the current 
is ted to the commutator 
s^menta by two small 
contact blades which bear 
on them. The commu- 
tating mechanism is situ- 
ated on the right of the 
meter axle, and can be 
easily seen in the illustra- 
tion. 

Mounted on the com' 
mutator axle is a disc, 
carrying on its periphery 
a series o( pins corre- 
sponding in number to 
the number of commuta- 
tor segments. 

Two semicircular discs 
are 6ied on the armature 
spindle in line with these 
contact pins. After a 
semi-revolution of the 
armature, one of these 
half discs engages with 
one of the pins and 
rotates the commutator 
through the width of one 
segment. This action re- 
^'"- '8* verses the current in the 

shunt coil. As the re- 
verse takes place at the dead point of the annature, its own momentum 
would not suffice to operate tlie commutator. A small electro-magnet 
is consequently used to inijHirt to it an auxiliary impulse. When the 
armature reaches tlie reversing point, a contact device, carried on the 
upper pivot of the main meter axle, places the electro-magnet in parallel 
with the shunt coil and a portion of tlie resistance which is in circuit with the 
latter. The electro-magnet is now energised, attracts its armature tixed to 
the main spindle, and thus gives the meter armature the required additional 
momentum to carry it over the dead point and ensure the proper aotion of the 
commutator. At the same time it compensiLtes for bearing friction for the 
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h&lf revolutioD. This supplemental impulse is given only in the position of 
miniminn torque, whikt ill tho position of masimum torque the electro- 
magnet exerts no iiifluence on the meter armature. During the greater 
part of a revolution the armature runs quite free, and the friction of the 
commutator, when the latter comes into operation, is overcome as explained. 

No sparking occurs at the moment of reversal, as practically no current 
then flows in the shunt coil. The counting mechanism is driven by a worm 
on the commutator axle, so that auy frictional resistance due to it is removed 
from the main armature spindle. 

No compouDding or compensating coil, exerting a constant driving torque, 
is required, as most of tho sources of friction are removed from the main 
meter axle, and are in great mrt compensated for. 

The Dentscb-BoBsische Birect Corrent Keter. — The continuous current 
meter, type E, manufactured by the Deutsch-Russiacho Elektricitatezahler- 
Uesellschaft, 19 Glogauerstraase, Berlin, possesses many novel and character- 
istic features. The complete instrument, with the cover removed, is 
illustrated in Fig. 69. Both the shunt and the two main current coils are 
stationary, and the rotation of the meter 
spindle is effected by means of a so-called 
' reverser ' armature, forming a light mag- 
netic needle permanently polarised by the 
shunt current. The counting mechanism 
is operated electrically by means of a relay, 
which, in a manner to be explained later, 
momentarily causes the reverser armature 
to return to its initial starting position, 
when it retraces its path afresh under the 
action of the main current. The meter 
spindle carries at its lower extremity a 
copper brake disc, which revolves between 
the poles of a permanent magnet and pro- 
duces the resisting torque to control the 

speed. The magnet is shielded from the Fio. SB. 

disturbing influence of a short-circuit cur- 
rent by a sheet-iron partition between it and the left-hand series coil. A 
light revolving element is obtained in consequence of the arrangement 
adopted, and the friction of the lower jewel is considerably reduced ; 
further, tho friction of the counting gear is entirely removed from the meter 
spindle. 

No conmiutator and brushes are employed, so that brush friction is 
eliminated, and the one rubbing contact of the meter is only in operation 
momentarily when the relay is energised. Suitable resistances are used in 
the pressure circuit, and no sparking occurs at the contact. 

The principle of the meter will lie readily imderstood by reference to the 
diagrams given in Figs. 70 and 71. 

Referring to Fig. 70, the reverser armature R, energised by the shunt 
current, rotates on the axle A under tlie action of the main current in the 
series coils H H. Theoretically, the arnmture would be turned tlirough an 
angle of 180 degrees, from one parallel position to the meter base into the 
corresponding position, and would then stop. The directive force grows from 
a zero value, and reaches a nuvximinn in the middle position at 90 degrees, 
when the shunt coil is at right angles to the main current field ; it then falls 
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off and again reaches the zero value, when the armature is in the parallel 
position once more. For the operation of the meter only the fourth part 
of the possible angular motion is 
nscd, and in that part of the field 
•22^ degrees on either side of the 
maxim inn. When the armatnre 
has turned through these 45 de- 
grees, two plntino-iridinm conUwits 
C'l and Cj come together and close 
the relay circuit. The one contftct 
is carried by the reverser arma- 
ture, and the other is attached to 
the pivoted armature of the relay 
E, which becomes energised. 

The armature of the relay ia 
attracted and rapidly takes back 
with it the reverser armature R to 
its initial poaition. This return 
motion takes place so rapidly that 
an ammeter in the relay circuit is 
f^o- ?**. unable to follow quickly enough 

to indicate the current, and no 
irregularities in the speed of the bnike disc can be detected. During the 
return action the relay cir- 
cuit is placed in parallel 
with the shunt coil, and in 
this moment the magnetisa- 
tion of the needle is sub- 
stantially weakened. This 
effectually facilitates the re- 
turn of the reverser arma- 
ture in the main current 
field. 

When the starting posi- 
tion is reached, contact is 
broken, and the reverser 
annature is itgiun turned 
through half a right angle 
by the main current and 
again impinges on the con- 
tact. This cycle of operations 
is then repeated, and the 
meter integrates continuous- 
ly the enci^ consumption. 
The armature is mechanically 
coupled to the meter axle A 
during the forward swing 

by means of a ratchet and ' 

pawl. S is the ratchet wheel ^'>- '•■ 

mounted on the meter spindle 

A, and is pro^'idcd with eight teeth ; and F is llie pawl attached to the 
reverser armature. Each time the armature is returned to its starting-point it 
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gears with the ratchet wheel, and after eight pulsations the spindle, and with it 
the brake disc D, will complete one revolution. In the actual instrument, as 
already pointed out, the shunt coil does not move, as its weight would introduce 
too much friction on the lower jewel. In Fig. 71 is shown diagrammatically at 
Z Z the reverser armature actually used. It is a thin iron tube having two 
iron tongues ZZ, arranged the one 
above and the other below the station- 
ary shunt coil n, which, wheii energised 
by the pressure current, polarises it 
as a magnetic needle, with its mag- 
netisation proportional to the supply 
voltage. On its upper arm it carries 
the pawl F, and accomplishes the 
rotation of the spindle in the manner 
explained. At each reversal the arma- 
ture of the relay E drives the integrat- 
ing mechanism through a ratchet wheel and pawl. Current is led to the 
contact Cj by means of the spiral spring *7' (Fig. 71), which, in the actual 
instrument, is situated above the system near the meter cover, and also serves 
as a mechanical starting device to compensate for friction at low loads. 

A noteworthy feature of the meter is the ease with which this light load 
adjustment can be made with the meter in position and without removing the 

cover. Fig. 72 is a sketch of the arrangement. 
A lever * 2 ' is pivoted on the meter cover * 1,' 
and can be sealed with the sealing screw *3.' 
By moving the lever on one side the hole * 4 ' in 
the meter cover is exposed and gives access to 
the adjusting screw ^5,' which is connected to 
the spiral starting spring * 7 ' by means of the 
insulating piece * 6.' The tension of the spring 
is altered by the adjusting screw. If the screw 
be turned clockwise, the spring will compensate 
for the friction, and the meter will start more 
readily. If creeping should occur, turning the 
screw counter-clockwise will prevent this shunt 
running. Only a very small motion is required, 
the displacement of the screw-head through one 
millimetre producing an alteration in the start- 
ing of about 1 per cent. 

The Pelouz Meter, manufactured by the 
Siemens-Schuckert Werke, is illustrated in Fig. 
73. Four shunt and two main current coils are 
used, all of which are stationary. The revolving 
armature consists of two Z-shaped soft iron cores, 
mounted together on the meter axle and turned 
through a right angle relatively to one another. These iron cores are mag- 
netised in turn by each of the four shunt coils. The commutator is 
stationary, and is supported on an insulated carrier at the top of the meter. 
It has a contact pin, and is composed of four segments, each of whicli is 
connected to one end of a shunt coil. 

The brushes are mounted on, but insulated from, the armature spindle 
and rotate with it* The one brush bears on the commutator and the other on 
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the contact pin. The remaining ends of the shunt coils are connected 
together, and their common junction is joined through a suitahle resistance to 
the positive shunt terminal. The negative shunt terminal is connected to the 
contact pin of the commutator. 

The electrical connections of the meter ar& given diagrammatically in Fig. 
74, from which the arrangement of the shimt coils and the Z-shaped 
armature cores will be readily recognised. 

One sh\int coil is operative at one time only, and when energised by the 
shunt current the interaction between its magnetic field and that due to the 
main current causes the armature to turn 
through an angle of 90 degrees. Each 
coil acting in succession will, therefore, 
cause the armature to rotate continu- 
ously. 

The work done by the meter is ab- 
sorbed in the usual magnetic brake. No 
sparking occurs at the brushes, as each 
shunt coil has a high non-inductive resist- 
ance in parallel with it, as shown in the 
diagram (Fig. 74), in which the extra cur- 
rent is dissipated on opening the circuit of 
the shunt coil. 
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Fig. 74. 


Fig. 76. 


These shunt coils are somewhat eccentrically placed round the meter axle, 
and this eccentricity can be altered, so as to increase or decrease the auxiliary 
starting torque which this arrangement gives. On account of the use of 
iron a high driving torque is obtained, and the shunt loss is correspondingly 
small. 

A modification of the electrical connections of the pressure circuit and the 
commutator is also used, shown diagrammatically in Fig. 75. With this 
method two shunt coils are always energised in series, by means of which a 
considerably increased driving torque is obtained, amounting to one and a half 
times that obtainable with the older method just explained, and the shunt 
losses are slightly smaller. 
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The Bnisb-Sai^amo Hercnry Hotor Keter, — The Sangamo Electric 
Company, Springfield, Illinois, U.S.A., manufacture » very interesting 
mercury motor energy meter, which is heing placed on the market in this 
country by the Brush Electrical Engineering Company, London. The chief 
characteristic features of this meter are the absence of a commutator, brushes, 
and permanent magnets, the methods employed in adjusting the meter at the 
high and low loads, and the impossibility of spilling any of the mercury. 

The rotating element conaista of a heavy copper disc immersed in a mercury 
bath contained in an insulated chamber, in the lower half of which are im- 
bedded the soft iron poles 
of the laminated shunt mag- 
net. The shunt Sux is 
produced by two pressure 
coils wound on the vertical 
limbe of the shunt magnet, 
clearly shown at the front 
of the meter below the 
integrating train (Fig. 76). 

The lines of force of the 
shunt field pass from one 
pole to the other through 
a soft plate above the disc, 
and carried on the upper 
side of the disc chamber ; 
in this manner the field 
cuts the copper disc twice 
in opposite Bcusea. A driv- 
ing torque proportional to 
the power is thus exerted 
on the disc by the inter- 
action of the shunt field 
with the main current, 
which flows diametrically 
across the disc, and which 
is conducted to and from 
the mercury bath by copper 
contact ears imb^ded in 
the disc chamber. These 
contacts are connected by 
milled - headed adjusting 

nuts to flesiblc leads carry- *'™- ''*- 

ing the main current. The 

retatding torcjue, proportional to the speed, is produced by the same shunt 
flui, and the usual permanent magnets are dispensed with for tliis pur- 
pose. It will be seen that the retarding torque ia proportional to the 
square of the voltage, so that preasurc variations above and below the normal 
affect the accuracy of the meter. This company supply a voltage regulator 
to compensate for any volfc^c fluctuations. It consists of a amall electro- 
magnetic device at the back of the disc chamber, and it compensates for the 
voltage fluctuations by automatically varying the distribution of the main 
load current between the armature and a shunt round the disc box. 

The regulator ia, however, not embodied in the meter, as the Sangamo 
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Electric ('umiwiiy have not found it necessary to u»c it on the average 
coiistaiitrpresHure dircct-curreut supply circuits in America, and these metens 
are all calibrated at the average normal voltage for which they are to be used. 
The disc in mounted on a sliaft, the revolutions of whiuh are conveyed to 
the integrating train in the usual manner. Owing to the upward pressure of 
the mercury on the disc, the shaft is slightly counter weigh ted. The weight 
used is less than the upward thrust on the disc, so that there is always a slight 
upward pressure against the flat jewel in the upper bearing of the meter. 
This upper bearing is furnished with a fine screw adjustment to give the 
disc the requisite amount of lift. A series compensating coil, wound on the 
bottom yoke of the shunt magnet (Fig. 76), is used to compensate for mercury 
friction at the full load speeds. 

The heavy load adjustment is made by altering the position of the milled 
headed connecting nuts on the copper disc ears (Fig. 77). This alters the 
distribution of the current in two paths in the disc, producing different torque 
effects. 

A novel light load or friction cotupensatiou is used. A portion of the pressure 
current is shunt«d through the arma- 
ture disc by means of a high-resistance 
rod, which is connected between the two 
main current terminals of the meter, 
and on which is a sliding connector, 
joined to one end of the pressure coils 
in series with one another, the other 
end of which goes to the shunt ter- 
minal below the shunt magnet. By 
varying ttio position of the slider, the 
value of that part of the pressure 
current which traverses the armature 
disc is altered, and so the supplemental 
torque which this current exerts with 
the shunt field may be adjusted for 
*'"■ "■ light load friction. It will be seen 

that a very convenient, rapid, and 
accurate adjustment is obtained, giving a range from zero up to the maximum 
torque produced by the shunt current flowing through the disc. 

The whole of the main current in the 5 and 10 ampere sizes flows through 
the disc and series compensating coil. In the large capacity meters a shunt 
resistance is used, so that only a definite proportion of the total current tra- 
verses the disc. In a 25 ampere si/,e, 10 amperes pass through the disc at full 
load and the remainder through the shunting resistance. For currents ex- 
ceeding 50 to 100 nniiieres, the current shunt is supplied in a separate cast- 
iron box. 

At the opening iu the disc chamber through which the spindle passes to 
the upper beariiig is a pocket which surrounds the opening. When the 
meter is turned upside down the mercury nins into this pocket, so that it is 
impossible for it to be spilled, and when it is again placed in the upright 
position the mercury returns to the disc chamber. The speed of the meter is 
readily chocked, as the rotation of the armature is indicated by a small hand 
attached to the sliaft (Fig. 77), above the aluminium cap on the disc chamber, 
and can be easily observed through a small window in the top of the meter 
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Chamberlain & Hookbam Hercnry Hotor Heter. — Nfcasrs Chamberlain 
&■ Hookliau, Lbl., Uirmiugham, aXuo luaiiufavture an energy motor uieter of 
the mercury type, the annature of which Ib similar to tliat used in thci 1902 


aaipere-hour meter. It coiiKista ot i\ copi>er cylimlt^r iniuierswl in a mercury 
bath, contained in a chamber bored out of an ebonite lilock, in which are im- 
bedded the two conducting strips by whicJi the current is led to and from the 
mercury. The torque ia produced by the interaction of the magnetic field of 
a shunt electro-magnet with the main current flowing in the armature. 
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The electro-magnet consists of a straight core, which is built up of a series 
of iron washers, with insulation between them. The core carries the shunt 
energising coil and terminates in a soft iron pole-piece, which projects up in- 
side the armature and supports the bottom pivot of the spindle, on which 
latter is mounted an aluminium brake disc. 

The disc rotates between the poles of a couple of permanent magnets, and 
produces with them the retarding torque proportional to the speed. The 
shunt magnet has only one pole-piece, there being no external pole outside 
the armature. The lines of force return to the magnet core through the air, 
so that the flux produced may respond effectively and rapidly to changes in 
voltage. 

In Fig. 78 is given an illustration of the switchboard type for currents 
above 50 amperes, provided with a separate shunt. 
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Section A. — Battery Meters. 

Thb charge and discharge of a storage battery are measured by means of 
ordinary continuous current quantity or energy meters. Preferably, quantity 
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Fig. 79. 

meters reading in ampere-hours should be employed, as the principal feature 
in connection with a battery is its capacity. It is most important to have a 
continuous indication of the actual condition of a battery, as furnished 
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generally by its capacity, at once giving not only the amount of current avail- 
able for further use, but for what length of time at a given discharge rate. 
It is not so necessary to know the energy of the input or the output. 

Two-meter Battery System with Batchet and Pawl. — Various methods 
are in vogue to effect these measurements. One very general method is to use 
two ordinary meters, permanently connected in series with the battery. The 
one meter registers the charge and the other the discharge, each being fitted 
with a ratchet and pawl attachment which allows the meter to rotate in one 
direction only, and prevents it from rimning backwards when the current is 
reversed in its series circuit. The current flows oppositely directed in the 
series circuits of the two meters, so that with this arrangement one only can 
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Fig. 80. 


work at a time, according as the battery is being charged- or is discharging. 
When energy meters are used in this manner their pressure circuits are so 
connected that the currents flowing in them are always in the same direction, 
and are not reversed with the reversal of the current in the main coils. This 
method is in use by Messrs Chamberlain k Hookham and the British 
Thomson-Houston Company, with their respective types of meters. Fig. 79 
gives diagrammatically the connections of the Hookham meters, and those of 
the Thomson meters arc shown in Fig. 80. The meters arc calibrated to read 
direct in ampere-hours. 

The Electrical Company's Two-meter Method for battery work is 
illustrated diagrammatically in Fig. 81. 

The meters, it will be seen, are permanently connected in series, but the 
current flows in their series circuits in the same direction, and not oppositely 


CONTINUOUS CURRENT METERS FOR SPECIAL PURPOSES. 


93 


directed as in the previous method. The pressure terminals of the meters 
are also differently connected to the circuit. In addition, no pawl and 
ratchet attachments are used on these meters, which consist of this company's 
ordinary oscillating G type. This results at once from the principle of the 
action of the meter, described in Chapter V. The meter only works when 
the current in the series coils and, therefore, their magnetic fields are in the 
correct direction with reference to that of the shflnt current and its magnetic 
field. The explanation is quite simple. The moving coil consists of two half 
windings, each of which is operative at one time only, and in successive half 
oscillations. The two windings are, moreover, always oppositely polarised 
relatively to one another by the shunt currents. 

If we assume, for the sake of illustration, that when traversed by the shunt 
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current the left-hand winding of the swinging coil becomes polarised, so that 
its left-hand face acts as a south pole and its other face as a north pole, then 
the other winding, when it is in turn energised by the current, will be 
polarised in the reverse order. In this case, for the meter to work, the main 
current must flow in the two stationary coils in such a direction that each 
acts as north pole in relation to the swinging system. The swinging coil will 
then oscillate backwards and forwards. If, however, either the shunt or the 
main current be reversed, but not both simultaneously, the meter will not 
work. 

If we reverse the main current, then each stationary coil now acts as a 
»outh pole, and the swinging system can only move into either one or other of 
the two extreme positions, when it will stop. If, of course, it happens to be in 
one of these limiting positions, it does not move at all. 
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Hence, with two of these meters arranged as shown in the diagram (Fig. 81), 
one only will register the charge and the other the discharge, the direction of 
the current to or from the battery determining which meter will register, as 
either cannot do so until its magnetic fields are of tlie correct polarity. The 
meters register either in kilowatt-hours (B.O.T. units) or in ampere-hours as 
may be required ; if the latter be desired, the pressure circuit of each meter 
is put across a source of constant or nearly constant E.M.F., siich as the 
lighting bus-bars, and the meter is calibrated to read direct in ampere-hours 
at that pressure. 

British Thomson-Houston Company's One-meter Battery Systems. — 
Another method which is often used is to employ only one meter. If, how- 
ever, it be of the energy type, and be fitted with a friction compensating 
device, this has to be removed. The reason for removing the compensating 
coil is that, if the battery be discharging, the field set up by the compound- 
ing coil would oppose that due to the main coils, and thus cause the meter to 
register less than it should. This method is not one to be recommended, as 
the meter does not read accurately at low loads ; in addition, as there is only 
one dial, if the reading be not taken as soon as the charge is finished, no 
complete record of the discharge can be kept. With an ideal battery giving 
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an efficiency of 100 per cent, the dial of the meter returns to zero as the 
battery discharges, and in any position indicates the exact amount of energy 
available. It, moreover, points to zero when the battery is discharged, 
assuming an initial zaro reading. A diagram showing the connections of a 
Thomson meter in this case is given (Fig. 82), and the meter will run in either 
direction according to the direction of the current. A modification of this 
method is used by the British Thomson-Houston Company, and is also 
illustrated in Fig. 83. The meter is fitted with a compensating coil as usual, 
and the arrangement, as regards accuracy, is quite as satisfactory as the two- 
meter system, but there exists the same difficulty in connection with the 
readings of the dial. The reason why a compensating coil can in this case 
be used is that the current is not reversed in any part of the meter. 

It will be seen tliat the meter revolves always in the same direction 
whether the battery is being charged or is discharging, and, in consequence, 
the dial, instead of returning to zero, sums up the various charges and 
discharges. Hence, as in the previous case, it is necessary to read the dial 
before and after each charge and discharge. 

Referring to Fig. 83, it will be seen that four different combinations can be 
obtained. The generator will feed the bus-bars only when the single-pole 
double-throw switch C is open and the double-pole single-throw switches A 
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wid B are closed. When the generator is to feed the batteries only, then 
switch B is opened, A is closed, and C must be moved on to contact No. 1. 

When the battery is discharging and the generator is shut down, C is on 
contact No. 2, A is open, and B is closed. To run both the battery and 
generator in parallel, both A and B must be closed, and C is placed on 
contact No, 1 or No. 2 ; and if on No. 1, the discharge of the battery will not 
be registered by the meter. 

In all other cases the current flows in the meter ; and when the battery 
and generator are in parallel with the switch C on contact No. 2, the meter 
will register the combined output. 

The Aron Battery Meter. — The Aron Electricity Meter, Limited, employ 
the one-meter system in connection with their two types of battery meters, 
which are Dr Aron's double dial meter and the Miller reversible meter. In 
each case the instrument is exactly the same as the ordinary Aron house- 
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supply type as regards the electrical and clockwork mechanisms. As already 
explained in a former chapter, the main actuating axle of the counting train 
revolves at a rate depending on the difference in speed of the two pendulums, 
and the direction of rotation of this axle depends on the electrical arrange- 
ment of the shunt and series systems. If the current in either one of these 
be reversed in direction, the direction of rotation of the main axle will also be 
reversed, so that the ordinary meter placed in a battery circuit will record 
one way during the charge, and in the opposite during the discharge. The 
records would therefore be destroyed. 

In the double dial battery meter illustrated in Fig. 84 a system of ratchet 
gear is inserted between the main axle and two counting trains, any move- 
ment in one direction actuating the one train, while that in the opposite 
drives the second train. 

In this manner the charge is always read from one set of dials and the 
discharge from the other set. When the readings are to be in ampere-hours 
the shunt circuit of these meters must be always connected to a constant 
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potential circuit which is never reversed in direction, and their accuracy 
deptinds on the conataDcy of voltage of the shunt circuit. In practice, an 
ordinary hghting circuit well within the Board of Trade limit acrves the pur- 
pose veiy well. If, however, the voltt^c be permanently too high or too low, the 
meter will run too fast or too slow in exact proportion to the voltage variation. 
In the Miller revcraible meter, 
Fig. 85, an ordinary Aron instru- 
ment ia used with one large round 
dial and one pointer instead of a 
series of coimterB. It has no 
ratohet gear, and the record made 
in discharging is destroyed during 
the chat^e. 


Fio. 84. Fio. 85. 

The instnmients are generally fitted with a relay, which automatically 
inserts a resistance in aeries with the shunt circuit, so that the meter runs 
more slowly on the chat^ than on the dischaige by an amoimt correspond- 
ing to the difference between the charge aiid discharge ampere-hours, so that, 
when the pointer is broiight Itack to zero, it indicates that the battery is fully 
charged. When the battery is discharging, the pointer revolves clockwise. 
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The Dentsch-BuBsiBche Batteiy Meter. — The battery meter of the Deuteoh- 
RuBBische ElektricitatBEahler-GeeelUchaft is illustrated in Fig. 86, and la a 
combioation of two of their reverser armature syBtems operated upon by one 
main current coil. Each armature Bystem ia complete in itself, and is provided 
with an independent magnetic brake and counter, the one registering the charge 
and the otiier the discharge. One only of the two BystemB is influenced at any 
one time by the passage of a current in the Beries coil,, and no mechanical 


coupling between them ia required. This followB at once from the principle 
of the meter, described on page 83. 

The magnetic field produced by the main current oauseB the one reverser 
armature to pulsate during the charge and to register, holding back the 
other, which is oppositely polarised. When the current is reyersed, the first 
armature will be prevented from moving, and the other will now be made to 
pulsate and register the discharge. 

The OX. B&tter; Meter. — The Compagnie pour la Fabrication des 
Compteura, Paris, slightly modify their CK. ampere-hour meters when 
intended to measure the charge and discharge of a battery of accumxdators. 
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Only one meter ia used. The small electric motor of this meter, as already 
explained on page 43 in Chapter III., is connected as a shunt to a resiataace 
which carries the whole current to be measured, and which is mounted on 
the base-ptate of the meter itself. In this case, however, the resistance 
forms a separate piece of apparatus and is furnished with a sliding contact. 
It is specially designed to produce a maxim\im difference of potential of 
about '25 volt. The arrangement adopted is shown in Fig. 87. The terminals 
E and F of this resistance are connected to those of 
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By means of the sliding contact C, the ratio of the resistances of the two 
branches BC and B A can be adjusted until it is equal to the ampere-hour 
efficiency of the batt«ry. When this condition is fulfilled, the large pointer 
always indicates the quantity of electricity which can be taken out of the 
battery. 

This system can be advantageously used with electric automobiles ; and 
the counting train can be arranged with a contact system operating a relay 
circuit, which will automatically interrupt the charging current when the 
battery is fully chained. 
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These batteiy meters are made hi three sizes for char)i;ing capacities of 
100, 200, and 400 ainpere-houre. 

Id each case the large dial in divided into 100 ptrtii, each division of which 
corresponds to one, two, or fonr ampere-hounj, according to the capacity of the 
meter. Similarly, each imit on the firet of the sDiall dials reads ten, twenty, 
or forty ampcre-hoiira. An exactly similar arrangement is adopted by the 
Danubia Actiengesellschaft also with'their U'K. meters. 

The Siemens-Schuckert Battery Meters consist of the company's ordinary 
continuous current types, each of which is fitted with two separate counters 
and a change-over device. The one counter rasters the charge and the 

other the discharge, and a small index on the 

dial face indicates the one which is working, 
and whether the battery be supplying or receiv- 
ing current. 

The connection between either counter and 
the meter spindle is made by a movable lever, 
on the one end of which is mounted a worm 
and on the other a worm wheel, which gears 
with the worm on the meter apindle. Acconling 
to the direction of rotation of the meter, in one 
direction on the cbat^ and in the opposite 
direction on the discharge, the worm wheel 
causes the lever to move upwards or down- 
wards and the worm to gear with a correspond- 
ing wheel of the respective counting train, thus 
bringing the latter into action. Fig. 88 is an 
illustration of the Peloux meter manufactured 
by this company, and fitted with two counters 
and a change-over arrangement for battery pur- 
poses. The meter is also shown with a special 
set of t«st terminals. 

SectioQ B.— Switchboard Heten. 

For the measuTement of the output of direct 
current lighting, power, and traction systems, 
special switchboard instruments are used. They 
retain the principles common to their respective 
types, but are variously modified to comply with *"'"■ ^^■ 

the severe conditions of heavy and fluctuating 

loads obtaining in central stations in general. Precautions have also to be 
adopted to shield the meter from the influence of the magnetic fields set up 
by neighbouring bus-bars or heavy-current cables, 

Hookham t^pe. — Two methods are in vogue. In the one the meter is 
supplied with a high-capacity shunt traversed by the whole current, and 
potential leads connect the current circuit of the meter to the terminals of 
the low- resistance shunt, so that the current flowing in the meter is always a 
determinate fraction of the main ciorent in the bus-bars or feeder circuit. 
This method is, however, mainly restricted to quantity meters. An illustra- 
tion of the Hookham ampere-hour meter for 2000 amperes, with its shunt, is 
shown in Fig. 89, and may be taken as typical of this class of heavy-current 
shunted meters. The current in the meters is in this case about 50 amperes. 
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For switchboaid work, the meter is separated from its shtint, and the latter is 
mounted on the back o( the board, while the meter is Hied on the front. 

TbomwD Switchboard Heten.— In the other method, a conetruction is 
adopted in which the whole current passes through the meter iteelf. In this 
manner any errors due to the use of a high-capacity shunt are eliminated. 
In the Thomson meters the entire current flows through the field coils, which, 
for heavy currents exceeding 1500 amperes, consist of a single heavy bus-bar 
of forged or cast copper of high conductivity. It will be remembered that in 


the ordinary Thomson meter one armature connected to the pressure circuit 
is used. In this case, however, two armatures connected tt^ether in series are 
employed, and are oppositely wound. They are arranged astatically, the one 
above and the other below the bus-bar of the meter, so that they are out in 
opposite senses by the magnetic field produced by the current in the bus-bar, 
and both, therefore, tend to rotate in the same direction. 

The damping magnets are enclosed In a cast-iron box. This oonstnicticm 


CONTITTOOUS CURRENT METERS FOR SPECIAL PURPOSES. 101 

ensuraB practical rreedom from straj fields and buB-bar effecte. The entire 
meter is supported upon the switchboard by two studs, which form at once the 
electrical coimectiona and the mechanical support. 

The astatic switchboard types for heavy currents of the British Thomson- 
Houston Company, Rugby, and the General Electric Company, U.S.A., are 
respectively illustrated in Ftg. 90 and Fig. 91. Noteworthy differences exist 
between them, mainly in the construction of the armature and compounding 
cxiil, and in the number of coils used. In the meter of the British Thomson- 


Houston Company, not only are two armatures used, hut each has its own 
commutator and a stationary core compoaed of iron washers; further, the 
armatures, each consisting of two coils, arc in planes at right angles to one 
another. The compensating coil consists of a few turns of fine insulated 
copper wire acting on the upper annature, as shown in the illustration. Fig. 90. 
This type of compensating coil is, however, only used in meters intended for 
extra heavy currents and furnished with the s<|uare copper studs. 

The meter of the General Electric Company, U.S.A., has only one com- 
ututator, and the two armatures do not materially differ from the ordinary 
drum-wound type ; tJiey are oppoeitely wound and contain no iron. Two 
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JB used, ai)d are clearly shown in front of the two 
* given in Fig. 91. 

In the switchboard meters of the British Thomson-Houston Company for 
capacities from 600 -1200 amperes, the two armatures are exactly as in the 
larger sizes ; the magnets are also encased in a shielding box, but two field coils 
are used and a different form of compounding coil. An illustration of their 
800 ampere size is given in fig. 92, from which the general arrangement will 
be readily gathered. 

The field coils consist practically of four parallel horizontal copper bars ; 
the two outside bare are connected to the left-hand stud and the two central 
bars to the right-hand stud. The free end of each horizontal bar is connected 
to a vertical bar, and the vertical bars are all united at the top by ineaiis of a 
horizontal hood. The main cur- 
rent, in passing from one stud to 
the other, splits up into two 
halves, and each half traverses 
two horizontal bars, the current in 
all the horizontal bars flowing 
in the same direction. In this 
manner tlie effect is the same as 
two complete turns, each traversed 
by the whole current, and in the 
particular meter illustrated is 
equivalent to 1600 ampere-tunis. 
The field coils are not actually 
made up of separate bars (merely 
given to illustrate the effect), but 
consist of a single copper casting 
or foi^^ing of special construction 
to give this effect. The two arma- 
tures are arranged aatatically above 
and lieldw the horizontal bat^ and 
the hood portion produces very 
little, if any, effect on them. The 
compeuBatiug device is placed at 
•■"' ■■ *"■ the baclt of the field coils, and is 

a vertical coil of fine insulated 
copper wire in the annature circuit. The coil is wound ou an iron core, made 
in two halves. The two halves can be screwed apart to increase or decrease 
the air-gap between them. This action alters the magnetic reluctance of Uie 
coil, and so regulates the siipplcmcntjil torque it exerts on the armatures. 
With this design of the licld coils and the nse of iron in the armatures all 
their switchboard meters can be arranged as astatic meters for currents as low 
as 600 ampere.s. 

In Fig. 93 is shown diagram matically a Thomson three-wire switchboard 
met«r for 600 amperes made by this company. In this type the field coils 
consist of two bus-bars ; the one is placed in the positive outer and the other 
in the negative outer of the system, and they are so connected that the 
currents in them flow in the same direction. Two armaturea, with two 
commutetors astatically arranged, are used, as in the other typos, and the 
pressure circuit of the meter is connected direct across the three-wire network 
as shown. 


CONTINTTODS CURRENT METERS FOR SPECIAL PURPOSES. 103 

Tbe Aron Switchboard Meter preaenta no new features over the ordinaiy 
instrumeDt beyond the alteration of the main current coils, which for heavy 
currents are replaced by a single bus-bar, and this type of coil is used in all 
instruments for currents exceeding 300 amperes. The bus-bar has transverse 
slots in it, running from opposite sides, so that the current flowing in it 
circulates clockwise round one slot and counter-clockwise round the other, in 


order to obtain the necessary reversed fields to operate the potential coils of 
the pendulums. This is clearly shown in Fig. 94, which represents a line 
drawing of the type of heavy current bus-bar used by the Aron Electricity 
Meter, Limited. The pendulums oscillate in the usual manner above the 
bus-bar, and are symmetrically suspended above the two holes in the same. 

The Electrical Company'B Switdiboard Meter. — The modifications 
introduced by the Electrical Company into their oscillating meter are easily 
recognisable from the illustration of their switchboard and traction type given 
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in Fig. 95. The counting mechanism, peculiar to this meter, is ccmstnicted 
as a separate instrument, and can be mounted direct on the switchboard, 
while the meter itself is placed at some convenient point in the main circuit. 
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The two parts are placed in electrical connection with one another by a 
flexible cable consisting of five wires of small diameter. A considerable saving 

of space may hereby be effected 
on the switchboard, a consideration 
of some importance. The main 
current coils are now made of a 
single massive copper casting, or 
of two castings, forming in either 
case two half turns in opposite 
directions. 

The armature consists of two 
shunt coils interconnected, and each 
coil oscillates in the field of one of 
the half turns. The construction 
renders the meter astatic and in- 
dependent of external magnetic 
influences. 

The Siemens - Schuckert 
Switchboard Meter. — For large 
currents and switchboards the 
Siemens-Schuckert Werke use their 
tJW type of direct current meter, 
illustrated in Fig. 96. The general arrangement of the constituent 
parts of the meter will be easily followed from the illustration, which 
also clearly shows the method of supporting the adjustable compensating 
coil. This company, in addition to the above type, also supply for switch- 



Fig. 94. 
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board use their direct current ampere-hour and watt-hour meters, based on 


the principle of intermittent registration. The meter is simply either an 

ammeter or wattmeter, combined 

with an electrically driven clock 

mechanism, which actuates at 

intervals of about 3J seconds an 

integrating counter. 

In the ampere-honr meter 
the ammeter proper in of the 
moving-coil permanent-magnet 
type, and in the watt-hour meter 
the Geld is produced by an 
electro-magnet energised by the 
pressure current. In the latter 
type the clock mechanism mo- 
mentarily causes a contact to 
shortHsircuit the coils of the 
electro-magnet jnst before the 
counting train is actuated. In 
this manner the reading regis- 
tered always corresponds to a Fiu. 96. 
point on the rising part of the 

magnetisation curve of the iron, uiid errors due to hysteresis are eliminated. 
These errors would otherwise result from the readings being taken at one 


106 ELECTRICITY METERS. 

time on a rising and at another time on a falling voltage. The meter is 
provided with a acale and 
pointer in addition to the 
dials, which register in 
the usual manner the 
units consumed. The 
scale is graduated in am- 
peres or watts according 
as the instrument ia con- 
structed as an ampere- 
hour or watt-hour meter. 
The clock mechanisin 
(Fig. 97) consists of a 
heavy balance wheel K, 
which receives periodic 
impulses from the electro- 
magnet M energised hy 
the pressure current. 
The counting train ia 
worked by a disc Z hav- 
ing a serrated edge, over 
which a small spring is 
continually moved to and 
Fic. 97. fro by the balance wheel. 

When the spring is mov- 
ing in one direction it does not touch the disc, but on its return swing meebj 

a projection on the pointer of the 

aouueter or wattmeter, which causes i ' - 

it to engage with and turn the disc 

through an angle corresponding to 

the deflection of the pointer. At 

the same time the pointer is carried 

back to zero, in which position it is 

disengaged from the disc and is 

again free to move, when the disc 

also remains stationary. 

These operations are repeated at 

every swing of the balance wheel, so 

that every 3J seconds the deflections 

corresponding to the amperes or 

watts are integrated hy the counter. 

The motion of the pointer is an 

indication of the correct working of 

the clock. Tiie instrument is nsed 

witi) an ordinary ammeter shunt, 

so that it is imnecessary to provide ■■ 

a special shunt if one of the correct *'^''- "*■ 

capacity should already exist on 

the board. It must, of course, lie calibrated with the shiuit to which it 

is connected. 
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Section C— Tram-car Heten. 

General. — For tram-car work, meters have abo to be specially constructed 
to meet the arduous conditions imposed by this class of service. The difficulties 
incident to making a reliable and accurate meter For permanent installatiMi 
on tram-cars are mainly of a mechanical nature. At the same time the 
electrical requirements are not easy to fulfil, as the meter must be capable of 
withstanding not only overloads greatly in excess of ite normal capacity for 
brief periods, but also an overload of at least 25 per cent, almost indefinitely. 

The function of the 
tramway meter is not 
only to register the 
amount of enei^y con- 
sumed per oar, but also 
to act as a check on 
the handling of the car 
on the part of the motor 
man, and to give an 
iudicatioD of the con- 
dition of the electrical 
equipment. The care- 
less manipulation of 
the controller and brake 
is a matter of serious 
importance, resulting 
in a considerable loss 
of energy. 

By properly record- 
ing the actual energy 
taken by the cars and 
keeping records of the 
motor men, a saving 
amounting from 10 to 
30 per cent, of the 
total used can be 
effected. Taking a 
very conservative esti- 
mate of the saving, the 
car capacity of a trac- 
tion system could be ^'"^ ^^• 
increased by about 10 

per cent, with the same energy output from the station, and the company's 
receipts increased in direct proportion to the energy saved. Of course, the 
actual amount saved depends on the physical character of the track, A level 
track will not require the same skill and management as one with several 
grades and curves. 

Thomson Tram-car Heter. — Fig. 98 is a view of the Thomson meter 
specially designed for trttm-car work. It differs in many essential details from 
the standard Thomson pattern. A soft iron armature core and laminated iron 
iields are used. The annature core is stationary, and only the winding 
revolves. This arrangement gives a high torque with a light moving element, 
and reduces the weight on the footstep bearing, which for this work consists 
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of a spring-seated diamond jewel. The meter is thus enabled to more readilj 
withstand the severe vibrations and jars to which it is subjected. The 
resistance of the armature winding is about 30 ohms, and has a high resistance 
of 10,000 ohms, in series with it. This gives a drop of about I '5 volts acroaa 
the bruBhes, so that the liability to spark is considerably reduced. 

The brake system is complet^y enclosed in the cast-iron box at the bottom 
of the meter case, and is effectively shielded from the effects of the varying 
currents in the motor. 

For tramway purposes the Bastian Meter Company use their ordinary 
electrolytic meter, enclosed in a special case 
fitted with a oast-iron top, by which it is 
screwed to the canopy of the car. 

Deutsch-BnsBische Tram-car Heter. — 
The Deutsch-KuBsische ElektricitatsEJihler- 
Oesellachaft employ their ordinary meter, 
tmspeuded by springs in the manner illua- 
trated in Fig. 99. The meter is fixed on a 
horizontal carrier which rests on four sup- 
porting springs. Vibration in a vertical 
B plane due to shocks and jare is prevented 

by four vertical damping springs, and any 
lateral vibration is taken up by flat spiriil 
springs let in the holes for fixing the carrier. 
Juaa Tram-carHeter. — The modification 
introduced into the Aron meter for use on 
S tram-cars will be seen from the illustratioD 

given in Fig. 100. The differential clock 
is regulated by means of balances instead 
of pendulums. The ono balance B is con- 
trolled by it« hairspring only, while the 
other one A camea the pressure coils and 
is clectro-magnetically acted upon by the 
Via. 100. pressure current and the main current in 

the stationary coils. These are placed with 
their axes horizontal, so that the pressure coils attached to the second balance 
spindle may oscillate between them. 

To eliminate all possibility of creeping, due to vibration or any other 
cause, an auxiliary shunt coil C is used, the action of which is to tend to drive 
the meter backwuds. It is fixed within the left-hand main coil. Any back- 
ward motion is, however, prevented by a pawl on the first counting wheel. 

When no current flows in the main coils the balances beat in synchroniBm, 
but as soon as current is taken, the rate of oscillation of the balance with the 
pressure coils is changed, and the difTereiice in speed of the two balances, 
which is proportional to the power, is integrated by the clock train and 
registered on the dials in B.U.T. units. The meter is suspended on springs. 
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OEITESAL PEINOIPLES OF SINOLEPHASE ANB POLYPHASE 

INDUCTION METEES. 

Single-phase Alternating Current Power and Enersy — Rotatory Magnetic Field — Rotating 
Vectors — Law of the Induction Meter — Inductive and Non-inductive Loads— 
Behaviour of Three-wire Single-phase Induction Meters — Measurement of Polyphase 
Power — Equations of Power for a Three-phase Three-wire Star System — Equations 
of Power for a Three-phase Three-wire Delta System — Two- Wattmeter Method of 
Measuring Polyphase Power — Two- phase System — Equations of Power for a Three- 
phaae System with Four Conductors — (Comparison of Equations for Three-phase 
Systems with Three and with Four Conductors. 

Single-phase Altematiiig Current Power and Energy. — In an alternating 
current circuit both the current and the voltage are changing in sense and 
magnitude from instant to instant in a periodic manner, and are generally 
sine functions of the time. If c and v denote the instantaneous values of 
the current and voltage, Cq and V^ representing their maximum values 
respectively, n be the frequency of the alternating current or voltage, and 
if> be the angle of phase difference between the current and the pressure, then 

v = Vq sin pt , 

c = CQ^n{pt± if>)j 

where p == 27m. 

The instantaneous value of the power is c.v, and the mean power P during 
the whole periodic time T of one cycle is given by the equation 

2ir 
T ^F 

P = -=- I cv.dt = ^\qCq I %mpt sin (pt ± <f>)dt , 
Tj '-'' J 


P = 





f2-72-''^^- 


If Tj and T, denote the commencement and termination of the interval during 
which electrical energy has been taken, then its amount is given by the equation 

J' 

E= |^.^C08<^< 


JV2V2 

T, 
T, 

= fv.C cos if>dt , 


Ti 
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where V and C are the pressure in volts and the current in amperes, as given 
by an alternating current voltmeter and ammeter. 

An alternating current meter performs the operation expressed on the 
right-hand side of this equation. 

Botatory Magnetic Field. — Induction meters are used at the present day 
for this purpose, and are based on the rotatory magnetic field, the principles 
of which were first clearly enunciated by Professor Galileo Ferraris,* who com- 
municated the results of his researches and experiments on March the 18th, 
.1888, in an address to the Royal Academy of Sciences of Turin. His 
experiments were, however, conducted in 1885. 

Referring to fig. 101, if the vectors P and Q represent at a particular 
.^ moment the instantaneous values of two 

forces acting at a point in two fixed 
directions X and Y in space, then O R 
will represent the instantaneous value of 
their resultant at the same moment. The 
^ magnitude and direction of the resultant 

will depend on the magnitudes and direc- 
tions of each of the two components, which 

^ may vary in any manner whatever, and 

p P the end of the vector R will trace out 

some curve, the shape of which depends 
Fio. 101. on the law of change of the two forces. 

When these vectors represent alternating 
sinusoidal stationary magnetic fields of the same frequency, their resultant 
will represent a magnetic field which, in general, will vary both in intensity 
and direction, and the end of the vector O R will move along a close curve, 
usually an ellipse, i.e. the resultant vector O R rotates round O. 

Denoting the instantaneous values of the two alternating magnetic fields 
by p and q, their maximum values by P and Q respectively, and if n be the 
frequency and ^ the phase displacement between them, then 

p = P sin 2'fmt , 
and g = Q sin {27mt - <p). 

Eliminating t between these two equations gives, in general, the equation to 
an ellipse. It therefore follows that when two alternating magnetic fields, 
differing in phase, but of the same frequency, act at a point along two 
different directions, a rotatory magnetic field results, and in general an 
elliptically rotating field. If these two fields do not difier in phase, it is easy 
to show that a rotating magnetic field is not obtained, but a stationary 
alternating magnetic flux of the same character as the two components. In 
this case 

jD = P sin 2imt . 

^ = Q sin 2imt . 

i.e. the locus of the resultant is a fixed straight line. 

When the two component fields act at a point at right angles to one 
another, have the same amplitude, and differ in phase by a quarter period, 
the resultant magnetic field will be of constant value, and will rotate 

* AUi della B. Acad&mia delle Sciense di Torino, xxiii p. 860, 1888. 
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uniformly in a circle round this point. The resultant field is then called a 
uniformly rotating magnetic field.* This can be readily shown as follows : — 

^ = P sin 2Tmt . 

^ = Q sin (2imi - ^). 

In this case P = Q and <A = -^. 

p = F8in2Tmt, 
g =s - P cos 27m/ 

i.e. the locus of the point R is a circle. 

Botating Vectora. — As shown by Professor Ferraris, t a stationary alternat- 
ing vector, which is a sine function of the time, may be replaced by two equal 
and oppositely rotating vectors, each of which is half the amplitude of the 
fixed vector, and revolves with an angular velocity dependent on the 
frequency. 

If OA (Fig. 102) represent the amplitude of the stationary alternating 
vector (maximum value of an alternating magnetic field), then A can be 
replaced by the rotating vectors B and C, 
each of which is equal to one-half of A. The 
two vectors rotate sound in opposite senses 
with the same frequency, and AOB = AOC = a 
represents the angular value of the phase of 
either rotating vector relatively to A at the 
particular moment. The sum of their projec- 
tions on the fixed direction OA will always 

give the instantaneous value of the alternating vector A. In the position 
shown this value is A', and A' = A cos a. 

Law of the Induction Meter. — In an induction meter two stationary 
alternating magnetic fields are used to produce the driving torque on the 
revolving element, and ai*e created by two alternating currents, differing in 
phase and amplitude, but of the same frequency. In a manner similar to the 
above, each of these fields can be decomposed into two oppositely rotating 
magnetic fields, giving rise to four altogether. By suitably combining the 
fields which rotate in the same sense, the two stationary alternating magnetic 
fluxes can be replaced by two oppositely rotating magnetic fields. This 
method | can be used to demonstrate the law of the induction meter. When 
a rotating magnetic flux cuts a conductor at right angles, it induces in it eddy 
currents as it progressively revolves from point to point. If the conductor 
be pivoted, it will rotate under the interaction of the magnetic field and 
the eddies so induced, and in the same direction as the field, but with a 
smaller angular velocity. The torque exerted on the conductor is at any 
moment proportional to the product of the intensity of the magnetic flux and 
the strength of the eddy currents, which vary as the intensity of the magnetic 
flux and the angular velocity of the field relatively to the conductor. It, 

* See Marcel Deprez, Comptes RendiAS, ii. 1193, 1883. 

t O. Ferraris, " Vettori Rotanti/* Mem, RecUe Aecad. de Sei. Torino, serie ii., tomo xliv., 
Dec. 3, 1898. English Translation, ' ' A Method for the Treatment of Rotating or Alternating 
Vectors," Electrician, zxziiL, 1894. 

X The method used is based on the excellent article on motor meters by Dr Theodor 
Briiger, *' tnoer Motorzahler," EUktroUchnische Zeitschrift, Heft 43, 1895. 
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therefore, follows that the torque varies as the square of the intensity of the 
magnetic field multiplied by the relative velocity of the field to the conductor. 

In Fig. 103, OA and OB represent 
the maximum values of the two alter- 
nating magnetic fluxes in an induction 
meter, acting at nght angles to one 
another and to the revolving cylinder or 
disc. OB can be decomposed into the 
two equal but oppositely rotating com- 
ponents OB^ and OB,, each equal to 
JOB, the angle BOBj or BOBj repre- 
senting the angular value of the phase 
<^j of either component. Similarly, OA 
is replaced by OAj and OA^, and the 

angle of phase is<tA0Ai=<tA0A2 = ^2- 
Combining OB^ and OA^, which rotate 
in the same direction, and also B^ and 
OAj, the two stationary magnetic fields 
are replaced by the two resultant rotat- 
ing fluxes OR^ and ORg. These two 
resultant fields rotate round in opposite 
senses, but with the same angular velocity 

dependent on the frequency of the alternating current, and they also differ 

in magnitude. 



Fig. 103. 


Now 
Also 


0Ri2 = OBjS + BiRj2 _ 2OB1.B1R1 cos OBjRi . 
ORgZ = OBgS + BgRgS - 2OB2.B2R2 cos OBgR, . 


Denoting the intensity of the alternating field OB by 2h and that of OA 
by 2H, then OBj = OB2 = h, and OA^ = OAj = H . 

0Ri2 = /i2 4. H2 - 2A.H. cos OBiRi , 
OR22 = k^ + H2 - 2h.ll. cos OBgRj . 

Now OB is at right angles to OA, and it can be readily shown that 

<tOBiRi = -^-(<^i-<^2)» and that <tOB2Rj = ^ + («^j-<^2)- I^ w® denote 
Z 2 

the phase difference (^j - ^2) ^^ ^1^® ^^o alternating magnetic fields by ^ 
then the above equations become 


and 


ORi2 = /i» + H2-2m8in3», 
OR22 = ;i2 + H2 + 2msin*. 


These two oppositely rotating magnetic fields act on the cylinder or disc, 
which revolves in the direction of the stronger of the two fields, the one field 
exerting a driving torque, and the other a resisting torque on it. If C^ and 
Cj denote the eddy currents induced in the cylinder or disc by the two fields 
Ri and Rg respectively, and if w denote the angular velocity of the disc, 
and co' that of each of the rotatory fields (w' = 27m, where n is the frequency), 
then 


and 


C20cOR2(<u'-co), 
CiOcORi (<!>' + co). 
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The driving torque D^oc OR^-Cp , 

i.e. Di = K1OR22 {J- «), 

and the resisting torque TjOcORi.Cj, 

t.e. Ti = Ki.ORi^ (co' + <o). 

In addition to this retarding torque, a second one is usually added, and is 
produced by rotating the same disc, or another mounted on the same spindle, 
in the fixed field of a permanent magnet. The second retarding torque is 
given by the equation 

T2 = K.N*^.<i>, 

where N is the strength of the permanent magnetic field, and w is the actual 
angular velocity of the disc. The total brake torque is, therefore, the sum of 
these two ; and when the condition of steady motion has been reached, the 
driving torque will balance the total retarding torque ; then 

D-(Ti + T2) = 0, 
i.e. Ki.OR22(a»' - 0)) = Kj.ORi^ (w' + <o) + K.N^.o . 

KiO>'(OR22 - ORj^) = Ki.iu.(0Ri2 + OR./) + K.X^ w ^ 

Inserting in this equation the values of Rg and Rj obtained above, then 

K^w .4/?.H. sin ^ = Ki<u.2(/t2 + H^) + K-N^.o) , 
i.e, since w' = ^ir.n , 

K'.n./t.H sin ^ = 2Ki.a).(/i2 + H2) + K.N2(o , 
where K' = Stp.Ki . 

Now K'.n.^.H. sin $ is the driving torque exerted on the disc of the 
induction meter by the two stationary alternating magnetic fluxes, K.N2a> is 
the retarding torque of the permanent magnet, and 2Ki(/i2 + H2)(tf is the 
resisting torque exerted by the driving fields themselves. This braking 
action of the two stationary fluxes is in general made negligibly small com- 
pared with that of the usual magnetic brake by choosing relatively weak 
fields and a low rotative speed of the meter disc. In this case we may put 

2Ki(/i2 + H2)o) = 0, 
and then K'.n.A.H. sin <> = K.N2ai, 

w = K"./i.H. sin 4>, 

where K =.^r^.7, 

i.e. the speed is proportional to the product of the two stationary alternating 
magnetic fluxes multiplied by the sine of the angle of phase difference 
between them. 

These two fields are produced by a pressure current and the main current 
in the circuit to which the meter is connected, and the pressure ciirrent is 
proportional to the supply voltage. The true power in the circuit is 

P = V.Ccos«^, 

V and C being the voltage and current, and cos <f> the power factor. 

Now 0) = K",h.K. sin ^ 

and /lOcV and HocC . 


o) = KQ.V.Csin^. 
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The condition for the speed of the meter disc to be proportional to the true 
power is, therefore, c 

sin 4> = cos 4> » 

i,e. * = -?. ±<A- 

•a 

<P is the phase difference between the two stationary magnetic fields, and is 
not the same as that between the pressure and main currents producing these 
fields, because the time-constants of the magnetic and electrical circuits are 
not the same. 

Hence the very important condition which must be fulfilled by an induc- 
tion meter is, that the pressure and main current fluxes must have a phase 
displacement relatively to one another of exactly 90*, when the power factor 
of the circuit is unity, so that the speed of the meter disc is proportional to 
the true power. 

Then cd = K^. V. C cos <^ , 

Tj Tj 

and / iodt = K^j / V.C cos <f>dt . 

T, T, 


If <^ = 0, then I uidt = K,, jy.Cdt . 


Ti 

The number of revolutions exerted by the disc or cylinder of the induction 
meter in a given time is then proportional to the true energy consumed in 
the alternating current circuit in that time. 

Non-iiiductive and Inductive Loads. — When the meter is intended for 
use in a circuit in which the voltage and current are always in phase with 
one another, t.e. cos ^ = 1, it is not so essential for the two fluxes to differ in 

phase by exactly - provided that the angle 4> be sufficiently large. The sine 

of a large angle does not differ appreciably from unity (sin 75* = 0'96593 ; 
sin 80'' = 0-98481; sin 85' = 0-99619), so that the error will not be very 
great. If, however, the current lead in advance of, or lag behind, the pressure, 
the angle 4> must comply with the condition sin * — cos 4>- 

Various devices have from time to time been proposed by different 
investigators for creating exact quadrature between the pressure and main 
current fluxes in an induction meter when the current and pressure are in 
phase. 

At the present day three distinct methods are in general use, and are 
explained in Chapter VIII., the induction meters described in that chapter 
being arranged in three corresponding classes. 

Three-wire Single-phase Induction Meters. — In Chapter II. it was shown 
that in a three-wire direct current network the energy used is only correctly 
given by a single three-wire energy motor meter (assuming no errors in the 
meter) when the system is perfectly balanced, or when the pressures between the 
outer mains and the neutral wire arfe kept constant and equal to one another. 
In a similar manner it may be shown that the energy consumed in a three- 
wire circuit fed with single-phase alternating current is correctly measured 
by a three-wire energy induction meter under certain conditions only. 

Let ?'j and v^ denote the instantaneous values of the voltages between the 
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outer mains and the neutral wire, v the instantaneous vahie of the total 
three-wire pressure, Vj , Vg , and V being the corresponding maximum values ; 
also let Ci and e^ represent the instantaneous and C^ and C^ the maximum 
currents in the two outer mains. When the system is in perfect balance and 
the loads contain neither self-induction nor capacity, i.e. the currents and 
voltages are all in phase, 

then v-^ = v^ = ^v, c^=-. 02=^0 (say) ; 

and (;j = ViSinp<; r2 = V2sin_p^; v=^Y sin pt; 6^=^ C^ sin pt ; c^^^C^sinpt. 

Vi = Vg = iV, and Ci = Cj = C (say). 

The instantaneous value of the power is 

p^c^v^ + e^v^, 


The mean power is 


or 


p=^cv. 


P = Y" "^^'^^'^^ "^ T "^^''^^^ ' 


or 


T 

P=^ \cvdt 
T I 


C, Vi c 


c 


+ 


J2 J2 ' J'2 J2 J2 ^2 ' 

1 2ir 
where T = — = — , n being the frequency. It is obvious that in this case the 

n p 

meter will read correctly however its pressure circuit may be energised. 

When the system is unbalanced and the pressures are not equal to one 

another, but the loads are purely non-inductive and have no capacity, e.y. 

consist of incandescent lamps, then the results established in Chapter II. for 

a direct current three-w^ire system hold, and the 
meter will read incorrectly whether its pressure 
circuit be energised by a current proportional to 
the total three-wire voltage or the pressure between 
either oiiter and the neutral main. The proof 
follows in exactly the same manner as for a direct 
current system,, as the equations in this case not 
only hold for instantaneous values but also for 
effective values, there being neither self-induction 
nor capacity in either of the branches. 

When a phase displacement exists between the 
pressure and the current in the two branches, 
whether the two sides be equally or unequally 

loaded, the pressures of these two sides will not be in phase with one another, 

and the above results are considerably modified. 

Referring to Fig. 104, A represents the maximum value V of the total 

three- wire pressure, B and C representing the maximum values V^ and Vg 

respectively of the voltages betw^een Mj and the neutral conductor M^ , and 



JbTr 
Mo- 


I I * 


1 


J. 


yj 


c, 

Fig. 104. 
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Mg and Mq . Moreover, V^ lags behind V by some angle A B = a, and Vg is 
in advance of V by some angle AOC = jS. Also the current in the outer 
main Mj lags by some angle <^^ behind the total three-wire pressure, and <^2 
denotes the angle of lag of the current in the second outer conductor Mg 
behind Y. Then quite generally the following relations hold — 

v = V sin pt 

i\ = Vj sin (pt -a) c^ — C^ sin (pt - ^j). 
Vg = Vg sin (pt + fi) Cg = C2 sin (pt - <l>^). 

Also, if p denote the instantaneous value of the power absorbed by the whole 
system, 

and r = t?! + Vg . 

It is not difficult to show that with the system balanced, in which case the 
power factor is the same for each side, and the pressures between the outers 
and the neutral conductor (i,e, maximum or root mean square values) are 
equal to one another, the three- wire watt-hour induction motor meter will 
read correctly only when its pressure circuit is energised by the total voltage 
of the system. It may be as well to point out here that by the power factor 
is meant the cosine of the angle by which the current in an outer conductor 
lags behind or leads in advance of the total three-wire voltage. If, on the 
other hand, the pressure circuit of the meter be not connected direct across 
the two outer mains, but between either outer and the neutral conductor, 
then, with the same conditions still obtaining, the meter will read high or 
low according as the pressure used lags behind or leads in advance of the 
total three-wire voltage. 

Case (i). The pressure circuit of the meter is energised by a current pro- 
portional to the total three- wire voltage. 

As the system is balanced, and the pressures, as measured by a voltmeter, 
are equal to one another, but the current is out of phase with the total 
voltage, then 

<^j = <^2 = «^ (say) ; a-=fS. 

Also Vi = Vo . 

v = V sin pt 

Vj = Vj sin (pt -a) Cj = Cg « C sin (/?< - <f>). 
Vg = Vj sin (pt + a) 

The instantaneous value of the driving torque on the armature of the meter 
is proportional to d, where 

d = ^v(c^ + Cg) 

The mean value of the driving torque is proportional to D, and 


r 


df 


= — - . • cos Kb . 

V2 y/2 
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« 

Thus the energy given by the meter, assuming no errors, is 

fv V 

T, 

Now the instantaneous value of the power absorbed is 

p = c^Wi + CgVg 

since c^ = e^ and v = Wj + Vj . 

T 

1 r V c 

The mean power is ^ ^ m I P^^ ~ — • — = cos ^ . 



The true energy is, therefore, 


J ./2 J] 


^ cos dxU 

Hence in this case the meter reads correctly. 

Case (ii). The pressure circuit of the meter is energised by a current pro- 
portional to the pressure between the main M^ and the neutral wire 


V J-2^ 

J. 

%j 




m 

As in C4ise 

(i.), 

V =v • 

t; = V sin 2^t ; 
Vj = Vj sin (pt - a) 
V2 = ViSin (pt + a) 
Cj = ^2 = C sin (pt - if>). 





The instantaneous value of the driving torque 

is proportional 

to 

d, 

and 



d =s v^(c^ + Cj) 







= 2v^c^ . 







= 2Vi sin (pt - a).C sin (pt ■ 

-4>). 





\)=L[d.dt 


V c 

= 2- - • —7=- cos (6 - a). 


The meter reading is thus 


T2 

Jx/2 n/2 


2 I — I . -^ COS (4^ - a)rf< . 

Ti 
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The true power (instantaneous value) is, as before, 

p = C^ sin {pt - ^)[Vi sin (pt-a)-\- Vj sin (;?< + a)] . 

T 

Now P = i I r).dt 





>/2 v/2 
The true energy is 


y Q 

= — = . — = (cos ^-a + C08^ + a). 


E = ' — ^ • -^-^ (cos ^ - a + cos ^ + a)dt , 

T, 


»•«. E 


Jn/2 V2 

Ti 

==2J-^ --^ C08(<^-a)/f^+ I ^. -k(cos^T^-cofl<^-a)rf^ 


T, T, 

T, T, 


= 2 Xl . ilco8(<^-aW^-2 j ^1 . Xi 

j^/2 >/2 ' Jn/2 V2 


T| T, 

The meter, it will be seen, will read high although the circuits are 
balanced. If ^ == a = 45*, then the meter will measure 


J 

T, 


1 


whereas the true energy is 

V V 

x/2 v/2 

T, 

so that the meter reads 100% high. 

If the meter be energised by a current proportional to the voltage between 

V 

the outer main Mj and the neutral conductor, i.e. by — ^ , (Vj leads in 

v2 
advance of V,) then it can be shown in the same way that the meter reads 

low. In this case if ^ = a = 45° the meter stops, whereas the energy 

absorbed is 

T. 

jv'2 ,72 

T, 

and when <^ = a = 30' the meter reads 33J% low. 
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When the three-wire circuit is unbalanced and the power factors of the 
two branches are unequal (by the power factor is meant the cosine of the 
angle of phase difference between the total three- wire voltage and the current 
in either outer), the meter will read incorrectly whether its pressure circuit 
be connected across the two outer conductors or across either outer and the 
neutral main. The equations become, however, more complicated, and no 
general results of any value can be deduced from them. It may be of interest 
to give the case when the pressure circuit of the meter is connected direct 
across the system. 

Then t; = V sin^^ ; Vj = Vj sin (pt-a) ; rg = Vg sin {pt + fi) 
Ci = Cg sin (p^ - <^i) ; c^ = C^%m{pt''<l>^). , 
p — c-^v-^ + c^v^ and v^v^ + v^. 

p=z i;(cj + Cj) - V^C^ - VjCj . 
Also p — VjCj + ^2^2 . 

.-. by addition 2p = v{c^ + c^) + c^v^ + c^v^ - (c^v^ + c^Vy). 

{V C C ) 

The above represents the true mean power, and taking the integral 
between two given times will give the true energy. It can be easily shown 
that the speed of the meter armature is proportional to 

* < — ^ • — k • cos 6, + -4-. • — == cos 6o > 
^W2 V2 V2 V2 f 

so that the meter will read incorrectly, and will read high or low according as 
the expression 


i|5L V, (^..„) + 5|.^eos(^, + ^)} 


^2^2 J2 J2 

is - or + . The above results are reversed with a leading current. 

The energy absorbed in a single-phase alternating current three-wire 
system can, of course, be readily obtained by treating each half of the system 
as an independent two-wire circuit, in each of which a two-wire induction 
meter is used. When the three-wire induction meter is provided with two 
pressure circuits connected together in series direct across the outer mains, 
and the junction of these two pressure circuits is connected to the neutral 
wire, then, whatever the conditions that prevail, the three-wire meter will 
correctly measure the energy consumed in the two branches. The meter, in 
this case, may be regarded as a combination of two two-wire meters. It must 
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be home in mind that each shunt flux should be displaced by a quarter period 
relatively to the main current flux with which it operates, the neutral wire 
being brought to the common junction of the two pressure circuits, and the 
load being non-inductive and containing no capacity. 

Measurement of Polyphase Power. — The polyphase systems in most 
general use are the two-phase and three-phase with three or four wires. The 
measurement of power in such a system is not simple, as originally pointed 
out by Gorges,* and only a few of the more important equations on which 
polyphase meters are based are given, as it is quite beyond the scope of this 
book to include the complete theory of alternating currents. 

Equations of Power for a Three-phase Three-wire Star System In a 

three-phase three-wire system either a star (Fig. 106) or a delta (Fig. 108) 
connection of the three circuits is used. Referring to Fig. 105, c^ , Cg , Cj and 
^1 , ^2 , t7j severally denote the instantaneous values of the currents and voltages 
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Fio. 105. 


Fio. 106. 


in the phase branches 01, 02, and 03. The currents in the three supply 
mains, M^ , Mg , M3 , for the star coupling are the same as the phase currents, 
but the potential diflerences between the mains are the differences of the 
phase voltages as vectors. Denoting the instantaneous values of these 
potential diflerences between the mains, as shown in the diagram by v\ , v\ , 
and V3, then 

v\ = 1^8-^2 

Also Cj -H C2 + <^8 " ^ • 

The instantaneous value of the three-phase power absorbed in the star- 
connected circuits is 

^ « CjVj -h CgUj -H CgWg .... (13); 

* Hans Gi5rges, *' Uber Drehstrom und seine Messnng," EUktrotechnische Mtachrift, Heft 
17, p. 218, 1891 1 and " On Rotary Currents and the Art of Measuring them,** Electrical 
RevieiCy vol. xxviii., 1891. 

For those who wish to pursue the subject further, the following references are added : — 
Dr F. Zickermann, KT.Z., Heft 39, 1891 ; Dr H. Aron, E.T.Z., Heft 16, 1892; Frolich, 
E,T.Z., p. 574, 1893; Bloudel, LumUrc Eke, 2l8t Jan. 1893; Blonde!, Proc. EUc, 
Congress, Chicago, p. 112, 1893; Lunt, Elec, World, xxiii., 189i ; Behn-Eschenbnrg, 
E.T,Z., 19th March 1896; Dobrowolski and Bauch, ET.Z,, 2nd AprQ 1896; and EUc 
World, xxiii. p. 492 ; Jackson, Elee. World, xxviii. p. 851, 1896 ; Prof. S. P. Thompson^ 
Pulyphase Electric Currents, Spon. {E, T, Z, = Elektrotechnische Zeitschrift. ) 
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and making the assumption that the alternating currents and voltages all 
have the same periodic time T, then the mean power in this interval is 


T T T 


This equation shows that three wattmeters would be required, one for each 
of the phase circuits 01, 02, 03, and the sum of their three simultaneous 
readings would give the total power. 

This method is impracticable on account of the general inaccessibility of 
the neutral point 0. Equation (13) can, however, be expressed in terms of 
the currents in the mains, and the potential differences between them. 



P 


since 


Cj + i^ + Cj-O. 

Also 


v\ = Vi - 1;3 and v\ = - (Vj - Vg), 


and P = 


T T 


Hence the power is obtained by the use of two wattmeters P^ and Pj con- 
nected as in Fig. 106. 

* In a three-phase system the currents and pressures are sine functions of 
the time, have equal periods, and are displaced relatively to one another by 
120'. If the system be perfectly balanced, i.e. the phase branches be equally 
loaded, then 

v^ = Yq sin pt, Cj =r Co sin {pi - <^), 

t'2 = Vo sin (pt - 1 20'*), Cg = Co sin (pt - 1 20* - </»), 

rj = Vo sin (pt - 240"), Cg = Co sin (pt - 240* - <l>\ 

where ^ denotes the angle of lag of the current behind the pressure. This 
angle will also be the same in all the three-phase circuits, 01, 02, 03, in this 
case, and p = 2irn, n being the frequency. Moreover, the maximum values of 
the pressures will be equal to one another, and the same condition will obtain 
for the currents. 

Fig. 107 is a vector diagram of a three-phase star system, and Mj , M^ , 
O Mj represent the maximum values of the phase voltages Vj , v^, v^. If the 
figure be rotated counter-clockwise the phase volt^ige V, will pass through its 
positive maximum first, taking the line O Mj jis the stauciard of reference, then 
the phase voltage \\ and finally Vg. The P.D. at any moment between the 

* Throughout this work the waves of P.D. and current, in conformity with ordinary 
practice, are assumed to be sine-shaped in an alternating current svstem, whether single- 
phase or polyphase. The results obtained become variously modified when this assumption 
no longer holds. 
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mains Mj and Mg is the difference between the voltages v^ and v^ (as vectors). 


««4 



-iti 


Fig. 107. 

The maximum vahie is found by compounding Vj with - V3 , and is repre- 
sented by the resultant O Rj in the diagram. 


Since 


Vj = Vj = Vg = Vo (say), . '. ORi = 2 V^j cos 30% 
I.e. 0Ri = iy3.VQ. 


The P.D. between the mains is, therefore, ^3 times the phase voltage V^ 
and lags 30** behind it. In the same manner Rg is the maximum value of 
the P.D. between M3 and Mg and lags 270* behind Vj , and R, is the P.D. 
(maximum value) between Mg and M^ and lags behind V^ by 150*; O R', = - O Ro 
and lags 90" behind Vj . 

The instantaneous values of the pressures across the mains are thus — 

v\ = I'l - fg = V^- Vq sin (pt - 30') 
^'2 = ^3-«^2= V3.Vosin(/?^-270') 
^''3 *= ^'2 - ^1 = \/3. V^ sin {pt - 150'). 


Also 
The mean power is 


- v\ = Vg - Vg = >y3. Vq sin {pt - 90'). 


1' = YI "^i-^i'^^'t 


Cwv'o fit 


T 


Tp- Co sin {jjt - <f>) ^3. V^ sin {pt - 30')r/# 



[+ 
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T 

ifo ■ 

rn I L/qSI 


sin {pt - 120** - <^) ^/3. Vo sin (;>< - dO')dt . 




And T-1-??. 


= ^/3. V5C5 ( 8i 
2' J 


n p 

p 
sin {2^1 - <f>) . sin (pi - W)dpt 


i) 

P 


^-VqCq fsi 

2' J. 


^ ^.V,Co I sin (p< - 120' - ^) sin (p/ - 90*>/?>< . 



Sir 2r 


p J^. V„Co ) fcoB («^ - ^Oyipt - f COS (2;?< - <^ - ^(f)dpt ' 


2^ 


I 


2ir 2ir 


2.- 2- I J J I 

u 

t.e, P= V^.V.C cos (<l> - 30') + V3.V.C. cos (</» + 30') . (U), 

where V and C are the root mean square values of the phase voltage and the 
phase or main current. When the system is balanced the one wattmeter 
Fi (Fig. 106) reads ^3.V.C. cos (^ - 30*), and the other wattmeter Pj reads 
J'S.V.C. cos (^ + 30*), the sum of these two readings giving the total three- 
phase power, viz. 3.V.C. cos ^. 
The equation 


or 


u 

T T 




holds whatever the manner in which the phase branches may be loaded. 
When they are unbalanced, then 

t;^ = Vj sin/;^ (5j = Cj sin ( />/ - <^i) 

i\ = Vg sin {pt -a) Cg = Cj sin (^/ - a - f^^ 

t;3 = Vjsin (p^- /?) Cg-C, sin {pt-fi- €f>^h 
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In this case the total three-phase power is 

VjCj cos ^1 + V'jC'g cos ^2 + V'jC'g COS ^3 , 

where V'j,V'o»V'8 ^^'^ C'i,C'2,C'g are the root mean square values of the phase 
pressures and currents, and cos 4>^ , cos ^2 ) cos ^, , are the power factors of the 
three branches. The two wattmeter readings will give the true power in 
this case also. This may be shown as follows : — 

T T 

1 / 1 / 


^'= -rj. Cl(«^l - '^sM^ - -^ '•2(''8 - ^2>^^- 


u 

T 




T 

-ijc. 


sin {pt - <f>i) %mpt dt 


T 

Vj sin {pt - P) sin (pt^ i>i)dt 



± C,.\,{pt -a-4>^ Sin (pt - p)dt 


T 


T 


+ rj, I ^'2-^2 si" {pi - a) sin (j9^ - a - 4>^)dt . 

U, P = ^cos</,i + ^^ cos*2-^{^\co8(^i-/3) + C2C08(a + ^-)8)| 

(i). 

Now Cj + Cg + C3 = 

Ci sin ( pt - </»i) + C.^ sin {pt -a-fft^+C^ sin (pt-fi- ^3) = 

I.e. { Cj cos <j(>i + Cg COS (a + ^2) + ^8 ^^s (fi + ^3) } sin j9* 
- {C^ sin </», + Cg sin (a + <j(>2) + C3 sin (/8 + ^3) } cos^< = . 

It, therefore, follows that 

Ci cos <f>^ + C2 cos (a + ^2) + C3 cos (/3 + ^3) = . (ii) 

and Cj sin ^1 + ('2 si" (a + (^g) + ^3 si^^ (/^ + ^s) ~ ^ • ("0- 

Multiplying the left-hand terms of equation (ii) by cos jS and those of 
equation (iii) by sin /8, we obtain by addition 

Cj cos (<^j - y3) + ^2 ^^^ (* + S^2 " /^) ■*■ ^8 ^^ ^8 ~ ^ > 
i.e. Cj cos (<^j -/:?)+ C2 cos (a + <^2 "" i^) == "" ^8 ^^ ^8 • 
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Inserting this result in equation (i), it follows that 

r V (^ V (^ V 

P = hJLl COS ^, + '-il« COS ^j + '^'»;-'' COS ^, , 
j!i Jt Ji 

i.e. P = C'l.V'j cos </»! + Cj. V'2 cos ^j + C'j.V'j cos ^3 . 

Hence, however unbalanced the system may be, two wattmeters, as shown 
in Fig. 106, will measure the true power, and consequently two watt-hour 
induction meters connected in the same manner will give the energy taken in 
a given time. 

Transformations of the fundamental equation of the instantaneous power 
absorbed in a three-phase star system (Fig. 105) may be obtained as follows : — 

^ = c,t;i + CjVg -I- CjVj .... (13), 

Cj + Cj -I- Cj = ^ 

v\ = ri - v^ 

?/ J = V3 - ^2 

Inserting successively in equation (1 3) c^ = - Cj - ^3, Cg = - Cj - Cg , C3 = - Cj - Cj , 
and using the above equations between the voltages, it can be easily shown that 

. (15), 


P ™ ^3'^ 2 ~ ^'^ 3 * 

Adding equations (15) and (16), 

2;> = V 8(r2 - c^) -H C8(i;'2 - v\) . 
From equations (15), (16), and (17) by addition 

3p = Ci(v\ - v\) + c^{v^ - v\) + c^(v\ - v\) 
or 3;? = ?/ i(rj - rg) + t;'2(Cg - c^) -I- v\{c^ - r^) . 

If the system be perfectly balanced, t.c. if 

then 
or 
or 


(16), 
(17). 

(18). 

(19), 
(20). 


P = C2(t;'3 - v\) , > 


(21). 


Equations of Power for a Threo-phase Three-wire Delta System. — In 

the delta coupling of the three-phase circuits (Fig. 108) the voltages between 



Fig. 108. 


the mains are the same as those across the sides of the triangle, but the phase 
currents differ from the currents in the mains M^ , M^ , and M3 . 
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The currents in the legs of the triangle are denoted by c\ , r',^ , r\ , those 
in the mains by r.^ , ^'g, ^3, and the pressures by v\ , t?',, v\y all being instan- 
taneous values. It will be readily seen that the following relations hold : — 

''1 "*" '* 8 ~ '^ 1 ~" ^ • '• ^l ~ ^ 1 ~ ^ 8 ' 


r3 + c'i-c'2 = 


^3 ~ ^ 2 ^ 1 • 


Also v\ + 1^2 + v'j = . 

The instantaneous value of the power is 

p =» c'^.v'j + c'2.t;'2 + c'j.v'j .... (22). 

In the majority of cases it would be impossible to measure the currents 
in the legs of l^e triangle; and it is, therefore, necessary to transform 
equation (22) so that it contains the currents in the supply mains and the 
pressures between them. From (22) it follows that 

V = «^'i(c\ - c j) + t;'2(c 2 - c'b) + c^(v\ + v\ + V s) 
= r\(c\ - c 3) + r'.,(c'2 - c'3) 

Since v\ + v\ + v'j = . 

Also Cj = c'j — c'3 and Cg = c'3 - c'g . 

^ = v'^Cj - v'2^2 ....... (23). 

T 

/ 
1 


Hence ^ " t 





It thus follows that, as in the former case with the star connection, two 
watt-meters are necessary. 

Assuming an equally loaded system, then 

?/j = V'Qsinjp/ c'l = Cq sin (;)/ - ^) 

v\ = V'o sin (/;< - 1 20'*) c\ = Co sin (p/ - 1 20* - </») 

r'g = V'3 sin ^pt - 240') c'3 = C^ sin {'pt - 240* - ^\ 

Now Cj = c\ - c'3 = Co sin {yt -</»)- Co sin (:pt - 240' - <^) 

= ^3TCo sin (;?^ - <^ - 30'). 
Also C2 = c'3 - r', = Co sin {pt - 240* -</»)- Co sin (p^ - 1 20' - «^) 

- - ^3.Co sin (?>/ - <j«» - ^) . 


sin (/>/-</»- 30*). V'o sin ]d,ilt 



V3.Co sin (y^^ - « - 2)-V'o sin (p^ - 1 20>i^ . 


The equation for the mean power, as in the former case, reduces to 
F = 73.V.C. cos (</» -H 30') + V3. V.C. cos (<^ - 30'), 
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V being the root mean square vahie of the P.I), between the mains and C 
the root mean S(iuarc vahie of the current in one of the legs of the triangle. 

Two-Wattmeter Method of Measuring Polyphase Power. — The power 
absorbed in a three-phase three-wire system is thus obtaineil by taking the 
simultaneous readings of two wattmeters Pj and Pg , connected as in Fig. (109), 
whether the circuits be star or delta coupled, and whatever the distribution 
of the loads. Two watt-hour induction meters will, therefore, in the same 
way, measure the total energy supplied to a three-phase three-wire network 
when connected to the system on this method, known as the two-wattmeter 
method of measuring power. 


ilfi 


M3 







9 S>9 OerveraXvrO. 


Mz 




n 

Fio. 109. 



Fig. 110. 


Two-phase System. — In a two-phase three- or four-wire system the power 
is also measured by means of two wattmeters, and two watt-hour induction 
meters will give the total two-phase energy consumption. In general the 
two phases are kept distinct from one another, and the system consists simply 
of two single-phase alternating current circuits, differing in phase by a 
quarter period. 

In a two-phase three-wire system (Fig. 110) the one conductor Mq acts 
as a common return to the other two. The instantaneous value of the 
current flowing in it is the sum of the instantaneous values of the two 
currents in Mj and Mg. When the system is balanced and there is no dis- 
phicement between the currents and pressures, if C denote the R.M.S. value 

of the current in M^ or Mg, then the current in Mq is ^^2.0, and the 
pressure across M^ and Mg is J2y, where V is the R.M.S. value of the P.I), 
between M^ and Mq , or Mq and M^ • 

Referring again to the delta coupling (Fig. 108), the instantaneous value 
of the power may be variously expressed as follows : — 

Also v\ + v\j^ I y/g — 

and Cj + c\ - c\ = 

C2 + c'2-c'3 = 

Co "T" C^— Cn^V, 

Inserting successively in equation (22) v\= -v\-v^yv\^ -v'^ — v^ and 
v\ = - v\ - t?'j, and using the relations between the currents in the supply 
mains and those in the legs of the triangle, then 

p^v\(\-v\.c^ ..... (23), 
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These equations were first obtained by Dr Aron,* and used in the construction 
of polyphase meters. 

From equations (24) and (25) by addition, 


Similarly 


2p = ^'8(^2 - ^i) + «8(^''2 - ^'i)» .... (26). 

2.p-^v\{e^-c^'\-c^{v\-v\), .... (26a), 

2p = i;\(ci - Cj) + C2(u 3 - v'j), .... (266). 
Adding equations (23), (24), and (25) together, then 

3;; = v\(Ci - Cg) + ^?'2(C8 - Cj) + /''3(f2 - Ci), . . (27), 

or 3p = c^{v\ - v'g) + c^{v\ - v\) + C8(» 2 - v\), . (28). 

(27) and (28) are the oldest equations for the measurement of power in a 
three-phase system, and were originally established by Gorges. 
If the system be perfectly balanced, then 

<h('^\ - ^'z) = <52(^'8 - ^\) = «8(^'2 - ^''i)* 
and equation (28) reduces to 

^ = Cj(t;\ - v'g) = C2(v's - 1;'2) = C8(v'2 - v'l), . . (29). 

From equation (29) it follows that the three-phase power in a perfectly 
balanced network can be measured by means of one wattmeter, the main coil 
of which is placed in one of the supply mains, the one end of the shunt coil 
of the wattmeter being permanently connected to that main, while the other 
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end is connected to the arm of a two-way switch, by means of which it can 
be alternately joined to the other two mains. This will be understood by 
reference to Fig. 111. 

Equations of Power for a Three-phase System with Four Conductors. — 
In a three-phase system with four conductors,! the equations for the power 
absorbed become, in general, modified, owing to the current in the neutral 
conductor not being zero. 

A three-phase four-wire system combined with star and delta connections 

* Dr Aron, Elektrotecknische. ZeUschHft, 1892, Heft 15. English Patent No. 21354, 
1891. 

t The equations for a three-phase four-wire system were first given by Dr H. Aron, 
Elektricitatszdhler fiir Dreiphasenstrom mit yier Leitungen, EUktrotechnischs Zeitsehrifl, 
Heft 10, 1901. Dr Aron's British Patent 21366, 1899. Also Polyphase Meters, £lec. 
JUview, vol. lyi. p. 384, 1905. Further, see Dr G. Stern, ElektroiechnUche ZeiUchrift. 
Heft 12, 1901. 
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is illustrated diagrammatically in Fig. 112, and the lettere have the following 
meaniagB : — 

C], Cj, Cj, and c^ denote the instantaneous values of the currents in the 
three supply mains M, , M^, Mj and the fourth conductor Mo respectively ; 

e\, c\, e', are the instantaneous values of the currenta in the star branches, 
"i. t'ai "3 <i I. prcsaiires „ 

c", , c',, r'g „ „ currentit in the legs of the 

triangle. 


Flii. 112. 

The instantaneous value of the power alisorbed in the conihined mesh is 

p = e\v\ + e\.v\-i-e\.v\ + e\.Vj + c'„.v., + e\.v,, . . (30). 
The Following relations also hold 1 — 

!7 , — w, - Uj ; f' 2 = ^3 - "s ; " s = "a ~ "1 ; 
Ci + ej+/-^ + c^ = 0; 


Substituting in equation (30) the values of v\ , v'^ , v\ , we obtain 

p = c\{v^ - 1>,) + rr^{v, - fj) + e\{o^ -«;,) + ^',1;, + c\.v^ + c'^.r, , 

which may be written in the form 

p - »,(fl'i + e\ - e\) + v.^ (c'„ + c\ - c\) + v^{e\ + e\ - 0',), 

and giving the expressions in the brackets their values in terms of the currents 
in the mains, then 

p = v^.c,+v^c, + v,.c„ . . . . (31). 

The total power absorbed is obtained by means of three wattmeters 
having their current coils connected in the three supply mains M, , M^ , M, , 
and their volt coils connected between these mains and the neutral 
conductor M^. 

Now II, + f , + v., = . 
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Hence, by inserting in equation (31), ^3= -(^i + fg), 

p = t;j(Ci - C3) + 172(C2 - rg) .... (32). 

Similarly, by substituting for v^ and v^ in succession, we obtain 

^ = t;j(Cj - Cg) + ^3(^3 - Cj), .... (33), 

and i^ = *^2('^2 "" ^1) + ^3(^3 " ^i)> . • • • (3^)- 

Equation (32) may be written in the form 

p = VjCi + V2C2 - c^{vi + v^. 
But Vj = v\ + Vj , 

and t\-\-v^^ — t'g 

P = v\,c^ + v^{c^ + ^2 + Cg) - Cg-t^'a » 
and Cj + Cg + C3 s= - tf^ . 

^ r= C^V\ - Co.t'3 - <!2*''2 • 

Further ^i + ^'2 + ^8 = '^'i + ^3 + ^3 " ^'2 + ''» 

= 3^3 + v\ - 1;'2 . 

and v^-\-v^ + v^^O, 


^8 Q 


Substituting for Vg , 


^ = ^'1(^1 + J) - '^'2(^2 + 1) • • .• • < ^'^)- 
From equation (33) we obtain 

p = CiVi + C37?3 - C^{V^ + Vg) . 

But Wi = ^2 " ^\ J 

V3 = V2 + ^'<l y 

t;i + t;2 + Vs=0 = 3t72 + V2-»'3» 

V2 ^3---. 

jp = c^{v^ - l^'g) + C3(f;2 + v\) + t;2C2 , 

« C3.V 2 - t'l^'s + ^'2(^1 + <^2 + ^3)» 
= C3. V 2 — Cj« V 3 ~ ''o* t'2 • 


or 


l' = f'2(«3 + |)-''3(''l+|) . . . ■ (36). 


In an analogous manner it may be shown that 


,. _^''i-v'3 
' 3 
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and that equation (34) becomes 

or ;^=t''8(c2 + j)-^'i(^'3 + j) • ■ • (^7). 

Adding equations (36) and (37), 

^P = ^'3(^2 - ^1) + (^3 + ^y^ - ^'1) • • (38). 

From equations (35), (36), and (37) 

Sp = v^(c.2 - Cj) + ^2(^8 - ^2) + ^'i(''i - ^3) • • (39)- 

Comparison of Equations for Three-phase Systems with Three and with 
Four Conductors. — It will be seen, on comparing the equations for the power 
absorbed in a three-phase three-wire system (delta or star) with the corre- 
sponding equations for a three-phase network with four wires (star or mixed 
connections), that a three-phase meter designed for use on a system with three 
conductors will, in general, not be suitable for the measurement of the energy 
absorbed when a fourth conductor from the neutral point of the star is used. 
To emphasise this point these equations are again given below : — 

2r}-v' (c -c\-^civ' ^-v'^i K Three-phase System 

f-v^{c, Ci) + 63(^2 ^1/ \ with Three Wires. 

3^ = V i(Ci - C3) + 1; ./Cg - C2) -H V g(c2 - c^) 1 


*^P = ^''3(^2 - <^l) + (^8 + |)(^''2 - ^'l ) \ Wi 

3p = v\{c^ - Cj) -I- i;'2(^s - C2) -I- v'8(^2 - ^1) ^ 


Three-phase System 
ith Four Wires. 


In the above, Cj , Cg , ^3 arc the instantaneous values of the currents in the 
supply mains, v\ , v\^ , v\ the instantaneous values of the pressures between 
these mains, and c^ is the instantaneous value of the current in the fourth or 
neutral conductor. It also follows from the above equations that a meter 
designed on the principle expressed in the equation 

3/? = v\(c^ - Cg) + //2(C8 - C2) + v\{c^ - Ci) 

will be applicable to a three-phase system with three or four conductors, the 
reason being, that, as only the differences between the main currents are in- 
volved, the current in the neutral wire becomes obliterated from the equation. 
Further, from any given equation for a three-phase three- wire system, the 
corresponding equation for a system with four wires is readily obtained by 

adding ^ to each term representing a current in one of the three supply mains 

of the four-wire system. 

The currents c^ , Cg , ^3 in the mains of the three-phase three-wire network 
are, of course, not the same as the currents e^^c^^ c^ when four wires are used. 


CHAPTER VIII. 

SmOLE-PHASE INDUCTION METEES. 

General Description — Phase Difference between Pressure and Main Current Fields — Methods 
of Phase Com{>ensation — Effect of Over-Compensation and Under-Compensation — 
Electrical Comjiany's Induction Meter — Hartmann k Braun Induction Meter — 
Siemens-Schuckert Induction Metei*s — Deutsch-Russische Induction Meter — Induction 
Meter of Mix & Genest — Hookham Induction Meter — Westinghouse Induction Meter — 
Aron Induction Meter— Bat Induction Meter — Bruah-Gutmann Induction Meter — 
Ferranti-Hamilton Induction Meter — Fort Wayne Induction Meters — High Torque 
Induction Meter of the General Electric Gomjjany, U.S.A. — Scheeffer Induction Meter 
— Stanley Induction Meter — A.C.T. Induction Meter — Induction Meters of the 
Compaguie Anonyme Continentale, Paris — Eclipse Induction Meters — Meters with 
Current and Pressure Transfonners. 

General Description. — The electrical energy consumed in a given time in 
an alternating current circuit is, at the present day, almost exclusively 
measured by means of meters of the induction type, in which the inductive 
effect of several currents differing in phase is utilised. A very simple con- 
struction is obtained by the use of this principle, giving a small energy loss 
and a light revolving element, with the total elimination of brush friction and 
the troubles inherent to commutators and brushes. 

Commutator motor meters, without iron in either the armature or field 
system, such as have been included in Chapter IV., were originally used for 
this purpose, but have been completely superseded by the induction meter on 
account of its manifold advantages. 

In general, alternating current induction meters are designed on the 
principle of Ferraris, In which non-magnetic solids, revolving discs or cylinders 
of copper or aluminium, are acted upon by rotary or progressively shifting 
magnetic fields, arranged symmetrically or asymmetrically to the axis. 

In the meters based on the rotary field of Ferraris, two stationary 
solenoids or electro-magnets are used, usually situated together on one side 
of the axis of the revolving element. The one coil is traversed by the main 
current in the circuit and the other by a pressure current. The two fields of 
these coils are displaced in phase and usually cross one another, producing 
rotation of the movable conductor. The motor in an induction meter is 
really a split-phase motor, the rotor of which in general rotates in a two- 
phase rotary field. The one phase of this field is produced by the current 
taken by the installation, the other by means of a branch circuit in parallel 
with the supply mains. 

An induction motor meter has essentially three main parts — the motor 
proper, the brake system, and the integrating mechanism. 
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The revolving element is either a light disc or bell mounted on a short 
vertical spindle, which also caiTies a driving worm. The stator of the motor 
consists of a shunt and series electro-magnetic system, which produces a 
driving torque on the revolving element proportional to the product of the 
two fields multiplied by the sine of the angle of phase displacement between 
them. The work done by the motor consists in driving the integrating 
mechanism and the brake system, which latter is the ordinary Foucault 
brake. 

In general, the same armature disc is used as the brake disc and revolves 
between the jaws of a permanent magnet, which induces in it the eddy 
currents producing the retarding torque proportional to the speed. 

The revolutions of the meter spindle are transferred by means of the w^omi 
to an integrating mechanism, which is an ordinary train of wheels actuating 
the hands of a dial counter or number discs, the figures of which appear 
in line in slots in the dial face and usually spring into position. In either 
case the figures of the dials indicate directly, without the use of a multiplier 
or constant, the energy consumption in Board of Trade or other convenient 
units. 

Phase Difference between Pressure and Main Cnrrent Fields. — The 
driving torque, as already stated, is proportional to the product of the two 
fields acting on the disc, multiplied by the sine of the angle of phase difference. 
The one field is produced by the main current winding and the other by the 
pressure winding of the meter, so that they are respectively proportional to 
the main current in and the pressure of the circuit. 

The angle of phase difference varies in different meters from about 70 to 
80 or 85 degrees, and the sine of an angle of 85 degrees does not differ 
appreciably from imity. The driving torque is then proportional, very 
approximately, to the product of the ciurrent and voltage, or the power 
delivered to the circuit, but only when the current and the voltage are in 
phase with one another. 

For purely non-inductive loads, such as incandescent lamps, it is not 
essential that the meter should be artificially compensated, so that the angle 
of lag between the shunt flux and the main current flux, when the current 
and voltage are in phase, should be exactly 90 degrees. When the meter is 
intended for use on circuits in which the current is out of phase with the 
impressed E.M.F., it is absolutely necessary, for the meter to register 
correctly, that the angle of phase difference between its two fields is 
artificially increased until it is a right angle. In this case if (fi denote the 
angle by which the current either leads in advance of or lags behind the 
pressure across the supply mains, the angle of phase displacement between 
the shunt and series fluxes will be 90"* ± <^, and the sine of this angle will be 
equal to cos f^, which is the power factor of the circuit. The driving torque 
under these conditions is proportional to the product of the current and 
pressure multiplied by the power factor, that is, the true pow^er delivered to 
the circuit, and therefore the revolutions of the meter disc executed in a 
given time will be proportional to the true energy consumption in that 
interval. 

Methods of Phase Compensation. — Various methods are in vogue by 
means of which the meter is compensated to produce the desired phase 
relationship. Induction meters may be divided into three classes according 
to the method used in attaining this result, and tliis classification has l)een 
adhered to in the descriptions of the meters included in this chapter. 
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The first method coiiHists in the employment of an impedance coil and a 
non-inductive resistance in combination with the pressure winding of tlie 
meter. In this way the shunt current, alrcmly lagfi^ing by a considerable 
angle behind the pressure, gives rise to two components, of which the one, 
traversing the shunt coils and producing the shinit flux, is caused to lag still 
further behind the total shunt current, and the shunt flux, by suitably 
adjusting the different circuits, will be displaced by exactly 90 degrees from 
the impressed E.M.F. 

In the second method, which is analogous to the first in so far as it 
operates on the pressure circuit only, the phase compensation is obtained by 
the use of a short-circuited secondary winding which gives rise to a magnetic 
field displaced by more than 90 degrees from the shunt current. These two 
fields combine to a resultant shunt flux, which, by suitably designing the 
shunt electro-magnet regulating the impedance coil, if any, and adjusting the 
conductivity of the secondary winding, will be at right angles to the pressure, 
or to the main current flux when the current is in phase with the E.M.F. 

The third method differs materially from the other two, in that it affects 
the main current flux. As large an angle of phase diflbrence between the 
shunt and the pressure is obtained cither with or without an impedance coil, 
and the main current winding is composed of two portions, of which the one 
is highly inductive and the other has very little self-induction. By this 
means a resultant series flux is produced, leading by an angle in advance of 
the pressure. By proper adjustment of the relative inductance of the two 
main current circuits of the meter, this angle of lead will be the complement 
of the angle of lag of the shunt flux behind the pressure when the cuirent 
and E.M.F. are in phase. When this condition is fulfilled the meter will 
register correctly on inductive loads. 

Vector diagrams illustrating these methods are given in connection with 
the description of the representative t^'pes of the meters belonging to these 
three classes. In each case the magnetic flux produced by a current flowing in 
the shunt or series winding is shown in phase with the current. This is not 
strictly correct, as the current will, in general, lead in advance of the flux to 
which it gives rise, because the time constants of the electrical and magnetic 
circuits are never quite the same. This very slight difference does not in any 
way affect the result, and has not been taken into account, for the sake of 
clearness in the diagrams. 

Effect of Over-Compensation and XInder-Compensation. — The true 
power in an alternating current circuit is given by the equation P = C.V. cos 
<^, where C denotes the current, V is the voltage, and cos <l> is the power fac- 
tor. Whether the condition of exact quadrature between the series and 
shunt fields, when the load is non-inductive, be fulfilled, or not, the torque 
exerted on the disc is 

D = K.F,.F^ sin * . 

F, and F,. denote respectively the resultant shunt and series fluxes, * is the 
phase displacement between them, and K is a constant. 

When the meter is properly adjusted, ^ = ^ ± <^ , <^ being the angle by 

which the current leads in advance of or lags behind the pressure, and it 
then registers correctly on loads of any power factor. If an induction 
meter be over-compensated, i.e. when the power factor is unity, if the angle 


SINGLE-PHASE INDUCTION METERS. 135 

between the main current and shunt fluxes exceed - by some small angle a, 

It 

then the meter will read high when the current is a lagging current, and when 

a equals the angle of lag the reading will be a maximum, the power, as 

registered by the speed of the meter, corresponding to the power when the 

load is non-inductive. 

Now D = K.F,.F,sin* 

but F,ocV and F,oc C 

also * = ^^4.a-<^j 

.-. D=:K'.V.Csin(j_,^T^) 

= K'.V.C. cos(</»-a). 
Since <jb - a < <jb , therefore cos (f^ - a) > cos ^ . 

It thus follows that the torque exerted is too large, and the meter runs fast 
and, consequently, registers too high. 

When <^ - a = i.e. a = <^ 

then cos (<^ - a) = 1 

and D = K'.C.V. 

The meter in this case registers as though the current C and the voltage V 
were in phase with one another. 

When the current leads in advance of the pressure by an angle <^, it can 
be shown in a similar manner that the meter will read low, and will stop when 

<"- + <^ = ^ , when the meter is over-compensated. In this last case, when 


<* + ^ = ^» 


D = K'.V.C. cos (a + 1/>) 

TT 

2 


= K'.V.C. cos 1 


= 0. 

It will be readily seen that the reverse holds when the meter is under- 
compensated, t.e. ^ = < (^ - a) ± > . In this case the meter will read low 

for a lagging current and high for a leading current. 

The Electrical Company's Induction Meter. — The alternating current 
watt-hour meter for inductive loads, type K.J., of the Electrical Company, 
Limited, London, is typical of those induction meters in which the 90 degrees 
phase displacement of the shunt flux from the voltage of the circuit, or the 
series flux when the main current is in phase with the supply pressure, is 
obtained by the employment of an impedance coil and a non-inductive re- 
sistance in the pressure circuit of the meter. In this case the non-inductive 
resistance is placed in parallel witli the pressure windings, which are connected 
in series with the impedance coil direct across the supply mains. The whole 
shunt current, lagging behind the supply voltage, passes through the im- 
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and Eo are respectively the voltages V, 


the other traverses the pressure 
coils o[ the meter. 

The method by meaiie of 
which an exact quarter-phase 
displacement between the shunt 
flux and the supply pressure ia 
obtaiued will be understood by 
reference to the vector diagram. 
Fig. 113, on the right of which 
is shown diagrammatically the 
pressure circuit of the meter. 

E represents the voltage 
V across the terminals A and B 
of the pressure circuit, and E, 
and Vj across the impedance 


coil I and the parallel circuit, < 
the non-inductive resistance K, 


mposed of the pressure winding S and 
1.S is the total shunt current in the 
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choking coil, and, in consequence of its liigh eelf-ind action, it lags considerably 
behind the voltage V, across its teriuhialB. This current aplita up into the 
two portions S, and S^ , of which O S, ia the current in the pressure winding 


lading behind the voltage, also on account of its self-induction, and U S^ is the 
current in the non-inductive resistance, practically in phase with Vj, 1\ is 
the shunt flux, due to the current U H^ in the pressure winding. By properly 
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Fio, 118. 

choosing the resistance B and adjusting the self-induction of the impedance 
coil I, a phase displacement of exactly 90 degrees can be obtained between 
<> F, and E, represents the main current C in the circuit, supposed lag- 
ging behind the supply pressure by an angle 0, and O F^ is the main current 
flux to which it gives rise. The power supplied to the circuit is in this 
instaDce V.C. cos ^ where V is the supply voltage and C is the main current. 
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as given respectively by a voltmeter and ammeter, and cos <^ is the power 
factor. The driving torque exerted by the series and shunt fluxes on the disc 
is proportional to the prcJduct of these two fields multiplied by the sine of the 
angle of phase displacement between them. The shunt flux is proportional to 
the pressure and the series flux to the main current, and, further, the angle of 
phase displacement between the two fields, with the above condition of quad- 
rature fulfilled, is the complement of the angle by which the main current lags 
behind the pressure, and therefore the sine of this angle is equal to cos ^. 
The driving torque is thus proportional to V.C. cos ^, or the true power, and 
the revolutions of the meter executed in a given time will be a measure of 
the true energy delivered in that time. 

The disadvantage of the above method of connection is, that in the non- 
inductive resistance a large part of the energy used in the pressure circuit is 

wasted in heat. 

The meter, with the cover removed, is illustrated in Fig. 114, and its various 
parts are shown diagrammatically in Figs. 115 and 116. The revolving 
element consists of a light aluminium disc A, mounted on a vertical spindle, 
which rests in a flexibly supported ball-bearing. The disc rotates between 

the yoke R and the poles of the electro- 
magnet E, and its speed is controlled 
by the permanent magnet M in the 
usual manner. The worm Z, on the 
upper part of the meter spindle, drives 
the cyclometer counter, which registers 
the consumption direct in 6.O.T. units. 
The rotation of the disc is produced by 
the electro-magnet E, having three verti- 
cal limbs (Fig. 116), on the outer two 
of which are wound the pressure coils 
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S^ and Sg, whilst the central limb 


carries the main winding M of the meter. 
A few of these main current txums are 
placed on the limb which carries the shunt coil S^ to counterbalance the 
disproportionality between the two outer poles, which would otherwise result 
from the action of the main current fields. This will be understood by 
reference to Fig. 117, which is a diagram of the shunt and series fields. 

The field due to the shimt coils, shown by the dotted lines S S, is affected 
by the fields Hj and Hg produced by the main current coil situated on the 
central limb. The one shunt pole will be strengthened and the other will be 
weakened, so that, with increasing load, the former pole will become saturated 
before the other. To compensate for this inequality the left-hand limb of the 
electro-magnet has wound upon it a small portion of the main coil, and both 
the limbs carrying the shunt coils become saturated simultaneously. 

On open circuit, the two shunt coils Sj and Sg produce a considerable 
torque if the air-gaps Lj Lg (Fig. 116) or the magnetic effects of the two coils 
are different. 

The yoke R is adjustably mounted, so that its relative height above the 
two outer poles can be altered to compensate for friction on light loads. 

Shunt running is obviated by the use of a small piece of bent iron wire 
fastened to the hub of the armature disc. With no current in the main coils, 
the wire is held in position by the permanent magnet when it is between 
their poles, and motion of the disc is prevented. The position of the per- 
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iiiiHiont magiict L-Jin be iiltcrw! rplntively Ut the diw for the spoed ftdjustiiioiit 
of the meter. 

The Hartmann & Braun Induction Meter.— In the induction meter for 
indiictiye loiids. inftmifacturod by Hartiimnn A Uraiin, Frankfort, (icriiiaiiy, 


Fig. 118. PiR. 11». 

the same method of phase compeiiBatioii is used as in the preceding type. 
The inipedttiieo coil is in series with the shunt or pressure coils of the yieter, 
and the latter are connected in parallel with the non- induct ice resistance. 
Fig. 118 represents the hack of the 
meter with the cover taken off to 
show the shunt and series system, 
and Fig. 119 is a front view with 
the cover and the integrating; train 
removed. SS are the shnnt coils 
wound on the vertical limha of the 
laminated shnnt magnet n, of which 
the bottom yoke Q carries the mahi 
current coil H. In the air-^p 
l)etween the' shunt magnet n and 
the yoke Q is the aluminium arma- 
ture disc A, which also rotates 
between the poles of the adjustably 
mounted brake magnet in. T is 
the choking coil, and W is the non- 
indiictive resistance in the pressure 
circuit- The aluminium disc A is 

mounted on a brass tube, which Fic. 120. 

carries at its lower end a highly 

polished steel pivot running in a jewel spring step-bearing, no clamping 
device being iised. The spindle drives through a womi the integrating dials, 
shown iu Fig. 120, the hands on which all rotate in the same direction, thus 
facilitating the reading of the counter. 

At 11, Fig. 119, is sbon-u the screw by means of which the friction device 
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coil be adjusted. It coiisiste of an aluminium strip, which projects through 

the cast-iron hane plate Iwtwecn the poles of the shunt magnet and, in general,, 

occupicH approiiniately a mid-ixmition beneath the vertical air-gap separating 

them. The magnetic linen of force, which are produced by the shunt coils S S, 

proceed from the poles of the ahunt magnet to the laminated yoke Q, in one 

direction from the one pole and in the opposite direction from the other. 

The aluminium strip hi tmversed by sonic of these lines and in different 

directions from the different poles, so that the eddies induced in it are 

opposed in direction, and the fields they produce form rotary fields with the 

adjacent magnetic shunt fiuz, exerting a small driving torqtic on the disc A. 

. With an exact symmetrical position of the strip relatively to the air-gap 

between the [wles, these two rotary fields will be equal and opposite, and 

their resultant effect on the disc A will be zero. By displacing the strip to 

a gi'eater or less extent to the left or right, a positive or negative turning 

movement of definite magnitude is 

obtained, and is used to compensate 

for friction, or for any other similar 

disturbing influences. 

The Siemens-Schuckert Single- 
phase Induction Ueter, type W.B.J., 
for inductive and non-inductive loads, 
is illustrated in Fig. 121. The re- 
volving element of the meter consists 
of a light aluminium disc mounted 
on a vertical spindle provided with a 
worm, through which the revolutions 
of the disc are transferred to an 
integrating train, Rotation is pro- 
duced by a stationary main current 
coil and a pair of stationary potential 
coils. By means of an impedance 
coil and a non-inductive resistauce 
in series with the pressure circnit 
Fm. 121, of the meter,the angle of phase differ- 

ence between the series and shunt 
fluxes Can bo adjusted to ^ when the meter is operating on a load of unity 
power factor. The main current coil contains no iron, and is arranged under 
the armature disc with its plane parallel to it, and in close proximity to its 
edge. It is situated near the poles of the shunt field magnet, and at the back 
of the same. The two potential coils are wound on the limbs of a laminated 
iron magnet, having a nearly closed magnetic circuit, with just sutficient space 
between the right-hand limb and the lower yoke for the armature disc to 
rotate freely. Attached to the left-hand limb of the shunt magnet "is a 
movable arm with a piece of iron. It is placed above the armature disc, and 
can be moved nearer to or ftirther away from the poles of the ahunt magnet 
to compensate for the friction of the meter at light loads. According to its 
position it produces a more or less powerful rotation of the armature disc by 
its attraction of the eddy currents induced in the disc by the shunt magnet. 
The armature rotates between the poles of a permanent magnet, and thus 
also acts as a Foucault brake. The permanent magnet can also be adjusted 
relatively to the disc to alter the speed of the meter, it necessary. For 
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purely non-inductive loads, as incandescent lamps, the construction of the 
meter is simplified, in which case the inductance coil is not used. 

The Siemens-Schuckert Werke also manufacture an induction motor meter, 
type W, on the Ferraris principle, with a symmetrical arrangement of the 
magnetic and electrical system. The meter is representedMiagrammatically in 
Fig. 122. The stator a is built up 
of thin iron sheets and has four 
inwardly projecting poles, of which 
e e are wound with the two pressure 
coils, while the poles// are energised 
by the two main current coils. A 
light pivoted aluminium drum h 
forms the armature or rotor of the 
motor. It surrounds the fixed iron 
core <r, and revolves in the air-gap 
between the pole-pieces and the 
iron core vmder the action of the 
rotary magnetic field which is pro- 
duced by the shunt and series fluxes. 
The brake system is situated above 
the motor, and is composed of two 
sets of magnets and an aluminium 
brake disc, ribbed to increase its 
rigidity. The phase displacement 
of 90 degrees, when the current 
and E.M.F. are in phase, is obtained 
by a special arrangement of the 
pressure coils of the meter and 
three non-inductive resistances, so 
as to form a Wheatstone's bridge, 
together with a resistance coil in 
series with the bridge. 

The method will be understood by reference to the vector diagram in 
Fig. 123, and to the diagram of connections of the electrical circuits of the 
meter given in Fig. 124. In the latter, Mj and Mg are the main current 
coils, and A B and C D are the two pressure windings of the meter. A D, 
D B, and B C represent the non-inductive resistances, forming with the shunt 



Fig. 122. 



Fig. 123. 

coils A B and C D the Wheatstone's bridge, which is connected in series with 
the inductance coil I, and E and F are the pressure terminals. The shunt 
flux is created by the coils A B and C D ; and its intensity can be varied by 
altering the resistances of the two branches A D and B C, which are equal to 
one another. The greater these resistances, the more intense will be the 
shunt fields, and the sensitiveness of the meter will be correspondingly 
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increased. The pliase adjustment ia innde by varying tlie diagonal resiHtancc 
hi). liicreaiiiiig the resiBtftuuc of thin branch circuit will produce a 
diminution in the phase angle below 90°, and by increasing ite roaistance the 
phase diBplacement will be varied above this amount 
E Ml JBi 



Flii. 124. 

If c, and C.J denote the currents in the pi-esani-e coils A B and C I), and the 
cnrrenls in the brancheft A D, UB, and BC l.c severally c^ and e^ and r^, and. 
liistly, aaauniing e to be the total presauro cniTcnt flowing through the 
impedance coil I, then 

«,-'■, + ■•> . 0)- 

■:,.r,+ r, . (ii). 


It thus Follows that 

It ia arranged that 

c, = c^ and, therefore, c-i^f-i 
so that <: = 2c4 + Cb. 
In the vector diagram. Fig. 123, AB 
represents the voltage . ncroaa one pres- 
sure coil, BC the voltage across one 
lateral resistance of the bridge, and 
BD is the voltage across the ends of 
the diagonal resistance. The voltage 
aci-088 the inductance coil ia given 
F 1 by C F, and A V denotes the pressure 

acrosK the pressure circuit E F of the 
meter. The c rr t BK d i;, = Bi: togetlier combine to the cur- 

rent r, = BH I 1 s d 1 1 ed I an angle <^ relatively t» its pressure 
AH. The ht 1 c re t of tl I r dgc, (; = BK, is obtained from Cj=BK 
and 2r,-Hl V ow the c rrc t , = BH is to bo at right angles to the 
tenninal pii-ss r th ]rft \F is given perpendicular to BH. To 

complete tlie la tl j res. re 1 twccn tlic terminals of the impedance coil 

1 must U' in I 1 I 1 r i ae t d by the length OF. As will be seen 
from the diai.ra tl e [ es. r CI- s displaced rcliti\'ely to the total shunt 
current <; = BK ly a a j,l f<90\ so that the desired result can be 
accurately obU ned Ii the met r {i ig. 1 25) the non-inductive resistances aud 
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the impedance coil are combined together and mounted in the instrument 
above the terminals. 

The friction of the revolving element is to a great extent eliminated by 
means of a special contrivance, termed a vibrator. The jewel footstep-bearing 
is supported on a spring, attached to which is a small iron armature, which is 
kept in a vibratory condition by the alternate attractions and repulsions exerted 
on it by the poles of an alternating current magnet placed beneath it. This 
trembling action of the whole moving system overcomes the static frictional 
resistance to motion, and facilitates the starting of the meter, which will com- 
mence registering with a load of one-quarter of 1 per cent, of its maximum 
capacity, and which does not run on the shunt with a 20 per cent, increase in 
the voltage above the normal. 

An auxiliary starting torque may be obtained by displacing the stationary 
iron core of the motor with respect to the poles for the adjustment for friction 
on light loads. The core is notched at the opposite ends of a diameter, and, 
in the symmetrical position in which these notches are exactly opposite the 
shunt pole-pieces, no effect is produced. When the core is turned out of this 
position, so that the notches are in an unsymmetrical position as regards the 
shunt poles, they will exert on the aluminium drum a turning moment which 
will supplement or oppose the driving torque according to the direction in 
which the core is turned. 

The above types are, however, being superseded by a very simple induction 
meter, which has recently been introduced by the Siemens- Schuckert Werke. 
This new meter, type W*^, is suitable for both non-inductive and inductive 
circuits, and no choking coil is used. Its construction and operation will be 
followed from Figs. 126 and 127, of which the former represents a front eleva- 
tion of the meter, and the latter is a diagram of the connections of its 
circuits. 

The driving torque exerted on the aluminium disc S is due to the fields 
produced by the two main current coils Hj and Hj and the pressure coil N, 
all of which arc mounted on the three-limbed electro-magnet E. 

The magnetic circuit of the shunt magnet is closed through the top yoke 
and the case of the meter. The shunt coil N is wound in two sections, as is 
very clearly shown in the illustrations. The upper, siunllcr, section (Fig. 127) 
consists of two portions, of which the one is oppositely wound to the remaining 
windings of the coil and is connected to a non-inductive resistance V, forming 
a parallel circuit to the other half of this section. By suitably adjusting the 
non-inductive resistance V, exact quadrature between the resultant shunt flux 
and the main current field, when the load is non-inductive, is obtained, and the 
meter reads correctly whether the current be in or out of phase with the 
pressure. 

The flux produced by the pressure current in the uppermost windings in 
series with V (Fig. 127) is exactly 180* out of phase with this current, as this 
part of the shunt coil is oppositely wound to the remainder. The total shunt 
current flows through the lower section of the shunt coil, and, at its junction 
with the upper section, gives rise to two components, of which the one 
circulates roimd the lower winding of this section and the other round the 
winding in series with the non-inductive resistance. With the above con- 
siderations no difficulty will be experienced in drawing the vector diagram of 
the meter. 

The retarding torque is produced by the rotation of the same disc S 
between the poles of the peimanent magnet B. The revolutions of the meter 
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spindle A are conveyed through the worm and the worm wheel P to the jump 
cyclometer.counter Z, which is described in Chapter XIII. The friction com- 
pensation consists of a small piece of iron adjustably fixed to a bracket above 
the armature disc and close to the pole of the shunt magnet. 

By altering the position of this iron shading piece relatively to the shunt 
pole the speed of the meter at light loads can be accelerated or retarded. The 
arrangement of the terminals is shown in Fig. 1 26, from which it will be seen 
that the pressure circuit of the meter is easily isolated for testing purposes 



Fig. 126. 


without having to remove the main meter cover. To prevent damage during 
transit the jewel-bearing F can be lowered, and at the same time a spring 
collar is raised and takes the weight of the revolving element. The Wj meter 
is also supplied with a trembling method of support of the revolving element 
similar to tliat used in the W type. It is illustnitcd diagrammatically in 
Fig. 128. Tlie spindle A revolves on the jewel-bearing F, mounted on the 
spring D, which is fixed at one end at X. This spring carries the keeper J 
of the small alternating current electro-magnet U, which is energised by the 
pressure current. By means of the alternate attractions and repulsions 
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exert«d on the keeper J, the spindle A is kept in a vibratory condition, 
greatly reducing friction, especially static friction, at the moment when 
the meter starts from a state of rest to one of motion. 

The SeatBcb-RnsBiscbe Induction Meter, made by the Deutech-Russische 
Electricitat«ziihter-Ge8ell8chaft, Germany, differs in many essential details 
from the majority of the known types of alternating current meters designed 
on the principle of Ferraris and Thomson. 

In these cases the driving torque is produced by magnetic fields arranged 
symmetrically or asymmetrically to the axis, and is exerted upon a light 
revolvable disc or drum of copper or aluminium, which, in the generality of 
cases, also acts as a brake at the same time, in connection with one or more 
peroianent magnets. In the Deutsch-Uussische meter the rotating body 
driven by the shunt and series systems consists of a light iron ring which is 

s V 
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built up of a series of thin annular discs and has wound upon it a short- 
circuited copper coil. The ring is situated below the poles of the shunt 
magnet, as in this position, when under load, the whole revolving system 
partially floats, whereby bearing friction is materially diminished. 

The shunt magnet and ring arc placed symmetrically between the two 
series coils, as will be readily seen from the view of the instnmiciit with the 
cover removed given in Fig. 139. Only a small amount ot iron is used in the 
shunt field, and none at all in the main current coils, so as to exclude the 
choking effect of the iron from the same. An aluminium disc carried on the 
lower extremity of the meter spindle rotates between the poles of one or more 
permanent magnets and constitutes the Foucault brake. With this arrange- 
ment the permanent uit^nets are placed well beyond the disturbing influence 
of the varying tields produced liy the shunt and main currents. Tiie con- 
struction of the meter is shown more in detail in the plan and side 
clei-ation in Figs. 130 and 131 respectively. Hj and H, are the two luitiu 

10 
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current coils ; they are rigidly lised to the meter base and contain qo iron. 
In between them is situated the laminated shunt magnet J, the vertical 
limbs of which support the two shunt coils Nj and N^. Below the poles of 
the horseshoe magnet is the iron armature ring H, carried on the vertical 
spindle C, on the lower part of which is moimted the aluminium brake disc A 
rotating between the poles of tlic permanent magnet M. The revolutions of 
the meter are transferred by means of the worm S to the coimter Z having 
jumping figures. The lines of force of the shunt magnet, the current in the 
coils of which lags behind the voltage of supply, travcrHO in semicircular 
paths the iron ring of the rotating armature ham one pole to the other, and 
this flux takes place in the magnetic field of the main current coils, which 


field is slightly distorted by the iron ring, us in a gramme ring armature, but 
otherwise extends in straight lines from coil to coil. 

The two magnetic fields are in one plane and croes one another, but do 
not cut the revolving element at right angles to the plane of rotation, 
as on the Ferraris and Thomson principle. 

The 90 degrees displacement between the shunt and series flniee, when the 
load is non-inductive, is obtained by the employment in the pressure circuit 
of the reactance coil D D in conjunction with a non-inductive resistance 
VW. 

The two main current coils are connected in series to the main current 
terminals of the meter, as clearly aliown in the illustration. The presaure 
circuit of the meter consists of two parallel branches. The two shunt ooiU 
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are in Bcries with one of the two windings of the choking coil, and this 
circuit it) placed in parallel witli the Hecond circuit cuioprieing the remaining 
winding of the choking coit in aeries with the non-inductive resistance. The 
shunt current in the meter divider into two portions, of which the one 
traverses the shunt coils and one reactance coil, and the other flowa through 
the second reactance coil in series with the non-inductive resistance. By 
Huitabl; adjnstuig these two branches the desired phase relationship will be 
obtained. 

I* 


Fiii. 130. 

The speed of the meter at full load is rcgiiliitcd ill the usual manner by 
adjusting the brake field. 

The friction compcnaatinK device consists of a small iron stirrup K placed 
below and on one side nf the nnnatiiro ring H. It is pivoted to one of the 
pole-pieces of tlie shunt magnet J by means of paramagnetic material. The 
method of adjustment on light loads is exceedingly simple and can be per- 
formed with the meter in position without nnaealing the meter cover. This 
starting .control is separately ilhistratod in Figs. IM, 133, and 134, Onthe 
meter cover K (Kig. 134) is a snwil pivoted lover Y, which can be independ- 
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entlj sealed. By displacing the lever, acccBu is obtained to the screw X, which 
carries a pinion gearing with a toothed sector T, When the screw is turned, 


Fig. 131. Fio. 183. 

E is moved to the right or to the left through the sector T, find with the ring R 
exerte a supplemental torque on the one side 
of it. This auxiliary turning moment either 
assista or is in opposition to the driving torque 
" exerted on the ring, and so either augments or 
decreases the starting of the meter. 

For purely non-inductive loads, such as 
incandescent lamps, the meter is siwplitied, in 
which cose the choking coil is dispensed with. 

The Hiz & Oenist Induction Ueter. — 
Messrs Mix & (Jcncst, Berlin, in their meter, 
type A.W., for inductive and non-inductive 
'''ill- 13^- loads, also obtain the 90 degrees phase displace- 

ment l)ctwccn the two fluxes driving the meter 
disc, when the power factor of the circuit is unity, by means of a non-inductive 
resistance and a reactance coil in the pressure circuit. The meter is illustrated 
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ill Fig. 135. The stator coiutistit uf two iiiaiii current coils, coiitaiiiiug iron, and 
a shunt magnet, energised by one preasure coil, and having an almost closed 
magnetic circuit but for the narrow air-gap in which the aluminium ditw rotates. 
The plane of the shunt magnet in perpendicular to that of the main curreut 
magnet. 

An impedance coil is used in the pressure circuit, and is connected in series 
with the adjustable non-inductive resistance and the shimt cotL 

The disc rotates between the poles of two adjustable permanent magnets, 
and the revolutions of the spindle are conveyed to an integi^ting train in the 
usual manner. The pressure circuit of the meter is specially well sub- 
divided, and by the use of two shunt terminals it can be easily isolated from 
the main circuit without disturbing the luain cover. A high driving torque 
per unit weight of the armature is obtained in this meter, amounting to very 
nearly 2'86 mm.-gmis. per gm. of the revolving element, as will be seen from 
the figures given in Table III. on page 14. 

Tbe HMkham Alternating Current 
Meter, for non-inductive loads only, is 
illustrated in Fig. 136, 

A is the aluminium disc, which is 
rotated by the fields produced by one 
pressure and two main current coils. It 
is carried on the vertical spindle B, which 
rests in a lower jewel-bearing C. The 
pressure coil K is wound on an iron 
magnet D, and the nkain current coils 
cousist of two flat spiral coils F joined 
together in series, and placed between 
the poles of the shunt magnet and below 
the armature disc A. 

In the front view given of the instru- 
ment only one main current coil can 
be seen, as the other is situated behind 

it. The work done by the meter is Fig. 135. 

absorbed in the eddies induced in the 

revolving disc A by tbe permanent magnet on the right. The dials register 
direct in unite and are drii-en in the usual manner from the meter spindle. 
The upper poles GG of the magnet D are adjustable, and may he either raised 
or lowered to effect the friction compensation of the meter at hglit loads. ■ 

The Westinghouse Induction Watt-hour Meter is the representative type 
of those alternating current meters for iiidvictive loads in which the phase 
compensation is secured by the employment of a closed secondary winding on 
the shunt electro-magnet. The pressure circuit of the meter is made highly 
inductive, so that the shunt current and the shunt flux, to which it gives rise, 
lag behind the impressed E.M.F. by a considerable angle, which, however, is 
always less than a right angle. This angle is artificially increased to 90 
degrees hy means of the secondary winding, in which is induced a secondary 
current producing a flux lagging behind the shimt current by an angle greater 
tlian 90 d^rees. These two fluxes combine to a resultant shunt flux, and by 
properly adjusting the conductivity of the secondary circuit this resultant 
flm will be displaced by a right angle from the impressed &M.F. or tbe main 
current flui when the load is non-inductive. The meter then registers 
correctly at all power factois. 
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Fig. 137 IB a, vector diagram showing the relationsliip between the different 
iiD^^etic lieldH of the meter. 

E represents in niagnitudc and direction tlie impressed E.M.F., and S 
is the shunt current producing the shnnt flux OFj, practically in phase with 
O S, and lagging behind O E by an ungle 6 equal to 
80* or 85*. OC ia the current in the secondary 
circuit, and O i\ is the llnx to which it gives rise, 
and which lagit behind F by an angle greater 
than a right angle. OF is the reaiiltant of F, 
and Fj at right anglea to E. B is the main 
current, assumed leading in advance of the E.M.F. 
U E by an angle ^ and A is the main current 
fliut, very nearly in pbaae with OB. The torque 
exerted on the revolving annature disc by these 
two fields ia proportional to their product umlti- 
plied by the sine of the angle of pliase difference 
between them. This angle, with the aliove con- 
ditions of exact quadrature fulfilled, is 90° + ^, and 
its sine is equal to cos ^ the power factor of the 

circuit. Tlie shunt flux is proportional to E, the impressed E.M.F., and the 
main current flux is proportional to the main current C. The result is, that 
the torque is proportional to K.C. cos ^ the true power in the circuit, and the 



^ ~h 


Pio. 137. 


revolutioQB of the meter disc executed in a given time will be directly pro- 
portional to the true energy delivered in tliat time. 

Fig, 138 is a view of the Westinghonse meter, 'Round' type, with the 
cover open. The revolving element consists of a light aluminium disc 
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mounted on a short vertical spindle, the upper end of which drives the 
integrating train in the usual manner, while the lower end runs in a jewel 
step-bearing. The meter dials register direct in Board of Trade units without 
the use of a multiplier or constant. The rotation of the disc is produced by 
means of a shunt and series system illustrated diagrammatically in Fig. 139. 
The shunt and series coils are wound on an electro-magnet having a double 
magnetic circuit with a horizontal air-gap H, in which rotates the armature 
disc A, and with the two upper poles separated by a small vertical gap V. 
The shunt or pressure winding consists of two coils S S, one on each limb of 
the electro-magnet, and it is connected in series with an impedance coil I of 
fine wire, wound on an iron core fixed in the meter base. When the pressure 
circuit is energised by an alternating current, two equal and adjacent 
(alternating) poles of opposite polarity are produced, the effect of the one 
neutralising the effect of the other as regards any action on the disc. The iron 
core is magnetised as a simple ring by the alternating magnetic flux, which 



Fio. 139. 

for the most part bridges the small vertical gap V, and only a very slight 
leakage takes place across the gap H. 

The series or main current coil M consists of a few turns of thick insulated 
wire wound on the lower pole, and is connected direct in one of the supply 
mains. When current flows in this coil it tends to pioduce adjacent poles of 
the same polarity. The result is, that with both the pressure and main 
current coils energised the resultant flux in one magnetic circuit of the 
electro-magnet is the geometrical sum, while in the other it is the geometrical 
difference of the two fluxes due to the pressure and current windings. 

In this manner a shifting magnetic field of varying intensity is obtained 
in the horizontal air-gap H, producing rotation of the disc. The retarding 
torque proportional to the speed is obtained by means of a permanent magnet, 
between the poles of which the disc moves. 

C in the diagram (Fig. 139) is a small closed secondary circuit for the 
purpose of adjusting for running friction. In the actual meter, 'Round* 
tjrpe, this consists of a single turn of copper wire on one limb of the electro- 
magnet (the right limb seen from the front), and is short-circuited through a 
piece of resistance wire. The effect of this circuit is to slightly unbalance 
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the magnetic fields in the two timlis of the electro-uii^tiiet, produciiiK a 
tendency on the part of the disc to rotate. Tliu lengtlk of the reeititance wire 
is then adjusted until this tendency is just sutKciunt to overcome the friction. 
The secondarj' winding, by which tlie phase compensation is obtained, 
coneistB of an equal number of turns C, and C^ (Fig. 139), wonnd on each limb 
of the electro-magnet, connected in series, and short-circuited through a 
resistance wire in the same manner as in the case of the friction adjustment. 
The resistance ia then regidated initil the deeired phase relationship between 
the shunt and series phases is obtained. 

Fig. 140 represents an interior view, with the integrating dial removed, 
of the latest instntment, known as the ' Suh-A ' meter, in which the phase 
and friction compensations are on the same principle as those just described, 
but are somewhat differently carried out. The British Westinghouse Company, 
Trafford Park, Manchester, use four temiinals in the English meter instead of 
three, as shown in Fig. 140, which is the 
type manufactured by the Westinghouse 
Co., Pittsburg, i:.S.A. Two of these ter- 
minals are for the pressure circxiit and the 
other two for the main current winding. 


Fio. 140. Fio. 141. 

and one shunt and one current terminal are connected' together by means of a 
link, which can be removed to isolate the pressure circuit for testing the meter. 

Fig. 141 is an illustration of the shunt aud scries electro-magnetic system 
of the ' Snb-A ' type, showing the phase and friction compensations. It 
applies equally to the two- and three-wire meters, the difference in the latter 
case being in connection with the tenninal chamber, the external form of the 
meter, and that the series coil is wound in two sections, insulated from one 
another, each section being placed in one of the outers of the system. 

The outer ends of the secondary windings, which consist of an equal 
number of turns on each limb of the electro-magnet, are brought to the 
extremities of a piece of resistance wire, the inner ends of the windings, or 
those in close proiimity to each other, being joined together and brought to a 
sliding connector A (Figs. 140 and 141), which ia set about the middle of the 
resistance wire. If the connector be moved from the middle of the wire, the 
resistance of one half of the secondary winding is increased, the other being 
decreased, thus upsetting the balance of the magnetic circuits. By this 


154 


ELECTRICITY METERS. 


tneaiitt the frit-tiini adjuHtnieiit in obtained. To adjust the seriett and uliniit 
fluxes to exact qnadratiirc when tlie current and E.M.F. ure in phase with 
one another, a resistance is inserted in the secondary windings, so as to bo 
uouimon to both halves of the circuit, and the resistance ia altered until the 
desired phase relationship is obtained. 

The speed control is made by moving the position of the permanent 
magnet relatively to the rotathig aliiniiniiim disc D (Fig. 140). If the magnet 
be moved oiit from the disc, the speed will be increased at any given load, 
and vire irej-m. The frequency adjustment is shown at B (Figs. HO and 141). 
Meters which are sent out calibrated for circuits having a periodicity of 
1 33 J cycles per second 
arc arranged so that they 
may be changed to 60 
cycles per second by 
soldering together the two 
wires shown at B and 
clianging the connection 
at the rubber terminal 
block below the electro- 
magnet to the point 
marked 7200. The meter 
should then be checked 
and adjusted for speed. 

In Fig. 142 is given H 
diagram of connections of 
the three-wire meter. 

All the Westinghouse 
meters are so designed 
that, whatever the capa- 
city, the disc rotates at 
the rate of 50 revolutions 
per minute on full load, 
and in consequence a 
meter can be readily 
checked with a consider- 
able degree of accuracy 
by observing the rate of 
revoltition of the disc 
through the window in 
Pio. 142. the aluminium-zinc cover. 

The Aron Induction 
Motor Meter, Fig. 143, l>clongs to the class of alternating current meters 
in which the phase compensation is produced by the iise of short-circuited 
copper picccH surrounding the shunt magnet poles, their number depending 
on the volti^c and periodicity of the circuit. 

The driving torque ia produced by a rectangular laminated shunt magnet, 
energised by two shunt coils carried on its vertical limbs, and a series coil 
wound on an iron core, which is normally situated midway between the two 
poles and above the aluminium armature disc. The magnetic circuit beneath 
the disc is closed through a soft iron plate, which can be displaced relatively 
to the poles. The main current coil with its core can also be moved nearer 
to either one or other of the two poles of the magnet as desired. These two 
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alterations in position of the lower yoke and tiie scries coil can be imcd to 
effect the tow load or friction couipcnsation, the tiniil ndjuxlincnt of which is 
usually made with the lower yoke. 

The retarding tonjnc in uhtaincd from the 
action on the Haine disu of the permanent magiiet, 
aituated on the right of Uie shunt and Hcrics 
system. The keeper of the pernmneiit magnet is 
mounted on a horizontal support below the di»u, 
and can be raised or lowcr»i so aa to decrfase or 
increase the air-gap in which the disc rotates. In 
this manner the speed of the meter is adjusted 
at the high loads without altering the position of 
the brake magnet. The revolutions ot the meter 
spindle are transferred in the usual manner to the 
int^rating counter, whicb has springing figures. 
The counter also has two small dials in hundredths 
and thousandths of a unit for testiug purposes, but 
which are not visible when the case is on. lu 
future patterns it is intended to supply a small 
window through which these dials can l>e oitserved 
without removing the cover, the window being 
provided with a small sliding cover of its own, 
arranged so that it can be scaled. Pin. 143. 

The 'Bat' Electricity Keter funiishes another 
example of an induction meter suitable for both inductive and non-inductive 


loads, in which the lag compensation is obtained by means of short-circuited 
rings of copper on the poles ot the magnet. A general view of the instru- 
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ment is shown in Fig. 144. The revolving element consists of the usual disc 
mounted on a vertical axle having a wonu to actuate the integrating train of 
dials. The disc is of haixl drawn copper and is of somewhat unusual thick- 
ness, the object being to obtain not only a high conductivity for electrical 

purposes, but to prevent 
bending by shocks in tran- 
sit, and to resist the tw^ist- 
ing action exerted on the 
disc by a short-circuit cur- 
rent. In connection with 
a permanent magnet it also 
constitutes the customary 
magnetic brake. The driv- 
ing torque is derived from 
the fields produced by six 
coils, of which four com- 
prise the main current coils 
and the remaining two are 
the pressure coils. The 
driving system used in this 
meter is separately illus- 
trated in Fig. 145. The 
pressure coils are w^ound 
on the two vertical limbs 
of a horseshoe magnet, 
composed of soft iron 
stampings, the pole-pieces 
of w^hich are short-circuited 
by a laminated iron bridge. 
These poles are ex- 
tended beyond the bridge, 
and each is divided into 
two halves, forming four 
poles in all, upon which 
are wound the four main 
current coils in series, as 
depicted in the illustration* 
The pole-pieces also cany 
the short-circuited copper 
rings already referred ta 
With the arrangement 
adopted the shunt coils 
have a large self-induction, 
and by suitably adjusting 
the short-circuited copper 
rings the main current and 
pressure current fluxes will 
be displaced in phase by 90 degrees when the meter is registering on a load 
of unity power factor. 

A characteristic feature of the meter is the simple and efficient method 
provided for adjusting the speed at top load down to one-third of full load. 
The position of the brake magnet is invariable, and the intensity of the brake 
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field Ik altered by iuercasiiig or decreasing tlie leakage of the permanent 
umgiiet. 

The amonnt of the leakage Uiat takes place is controlled liy an iron acrew 
V, Fig. 146, mounted on the base of the meter. This screw is raised or 
lowered, decreasing or increasing the air^ap separating it from the lower pole 
of the magnet. Screwing up V will cause the meter to run faster, as more 
lines of force will, in this manner, be shnntcd from the brake field in which 
the disc revolves. 

When the adjustment has been finally occouiplisbcd, any further motion 
of V is prevented by tigbtcniug the clamping screw S. For lower loads, 
under one-third full load, the friction compensation is effected by altering the 
position of the iron plate E through the knob E,. The iron plate iiots upon 
the Foucault currents in the disc, aud if moved forward will cause the meter 
to go faster. 

The brake magnet is shielded from tlic disturbing influence of excess 
currciita by the casting which supports 
the electrical elements of the meter. 
This casting is also furnished with 
a tapped hole to receive the screw 
which secures the meter cover to the 

The Bnuh.Gutmami Single-phase 
Induction Watt-hour Meter, manu- 
factured by the Sangamo Electric Com- 
pany, Spingfield, Illinois, U.S.A. (the 
Brutth Electrical Engineering Com- 
pany, London), embodies many novel 
features in its electrical and mechani- 
cal design. A side view of the meter 
with the cover removed is given in Fig. 
147. It consists of a laminated shunt 
magnet and a small pair of series coils, 
the magnetic fluxes of which operate 
i:pon a light aluminium disc, slotted in 
peculiar spiral curves. The speed of 

the disc is controlled by a permanent P'"' 1*7- 

magnet in the usual manner, and is 

transferred to an integrating train through a worm, constructed of a special 
non-nisting alloy, on the upper extremity of tlie steel spindle. The revolving 
element is illustrated in Fig. 148, which very clearly shows the driving worm 
and these spiral slots of the armature, by means of which an increased torque 
is claimed to he obtained. 

The shunt and series motor syst«m is also given in detail in Fig. 149. The 
laminated steel magnet E is energised by the shunt coil V, «.nd is eom[)osed <)f 
two partM, the main ml^n1et body and the bridge J. This bridge, or lower yoke, 
completes the magnetic circuit of the nuiin ningnct tlmiugh the froiit airgap, 
in which the armature disc rotates, aud n second uarrow gnp at the back, so 
tliat it does not make actual niaguetie contitet with any part of the main 
iiiagnet. Althougli the two air-gaps add sliglitly to the resistiinec of the 
main nuigiiet, a. tai^rc magnetic flux is obtJiined with a high self-induction of tlic 
shimt coil. The bridge performs an important function as regards the phase 
compensation for inductive loads. Almost surrounding the bridge, except for 
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a narrow ^ap on tho lower side, is the phase band, shown at A. ThU conaittte 
of a heavy L-opper strip, to which is soldered, on each side of the gap, a pair 
of brass comiecting blocks. Each block is drilled through to receive a No. II 
or No. 12 wire, wliich spans the gap, and is finuly held in position by two 
small set screws in the blocks. 


For high frequency meters a No. 13 copper wire is employed, while for 

60 cycles per see. a No. 1 1 wire is necessary, as a mnch lower resistance is then 

i-eqnired on account of the lower frequency. In a 50 cycle meter the loop 

usually consists of a No. 10 wire, 

and of a No. 9 wire in a 40 cycle 

meter. 

When tiie circuit around the yoke, 
compel of the phase band A and a 
loop of wire L, is thus complete, the 
secondary current induced in it, pro- 
vided it is of the correct resistance, 
reacts upon the shnnt field just 
enough to cause it to be in quadrature 
with the main current flnx when the 
HM.F. and the current are in phase, 
and the meter speed will be propor- 
tional to the tnie power under all 
conditions of load. The loop of wire 
to bridge the gap is long enough to 
afford a wide range of adjustment 
in setting the meter for inductive 
loads. Tlic necessary alteration is 
easily iniuic by sliding the phase loop 
^""- '■"'■ in or out of tho blocks, and, further, 

by using l(M)ps of different size. 
If the iiii'lm' he found to rnn fimtei' on an hiduutive load than on a non- 
iiiduetive one alixorbing the sfinie pimer, the loop must be moved further out, 
that is, its length nnist be increused, or a smaller wire must be used. The 
phase band is clumped in position on the bridge by the small brass screw B, 
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and it« poHitioii has a decided effect upon the speed of the meter on Ught 
loads, and particularly at low frequencies. When the band is near the front 
end of the bridge the meter will tend to run slow, and with the band fnrther 
back it will nin fast«r on light loads, so that it ia of importaucc to firmly 
tighten down the holding screw after the adjiuitnient has been made. This 
effect of the phase eonipensation may sometimes he useful in aiding the 
friction device, to be explained later on. As a general rule, the phase band is 
best clamped at the back end of the bridge after the phase loop has been set. 

Two series coils are used in this meter, and are held in small aluminium 
clamps firmly screwed to the main bracket U D, whicli supportu the tihiuit 
and series system. As they have only a few turns, no hiductivc drop is 
cauaed in the main circuit with a heavy load. 

In Fig. 150, which is another side view of the meter, is shown the method 
of supporting the permanent magnet (i. It is held in an ahimininm clamp V, 
which in fastened by two screws to the 
bracket at M. The near screw acts 
as a pivot and is fixed, while the front 
one moves in a long slot, ao that the 
magnet jaws can be swung in or out 
relatively to the disc. The greatest 
damping effect is obtained when the 
onter edge of the magnet is just above 
the edge of the disc. 

The light load adjustment is made 
by means of a special friction device, > 
consisting of a long strip of japanned 
steel. It is secnred to the inner aide of 
the laminated magnet at the top, and 
terminates in a foot at its lower end, as 
shown at P in Fig. 149, so as to present 
a larger surface for the 1eaki^;e of the 
lines through the disc and back through 
the bridge beneath. Near its upper 
end the compensation piece has a small 
slot through which passes the screw 

T (Fig. 149), by means of which and Fic 160. 

the rectangular brass nut N (Fig. 150) 

it is tightly clamped against the magnet. The strip is raised or lowcrud 
by means of the adjusting screw R (Fig. 150), which works veri.ically against 
the fixed nut N, and passes through the small init P to which the strip 
is soldered. The friction compensation is effected by raising or lowering the 
strip, or by rotating the foot round T as axis, and rotating it forward will 
retiird the speed of the disc. The most sensitive method is to lower the strip 
until its foot is near the disc, when a slight lateral movement will produce a 
marked effect on the speed at light loads. 

In this company's small capacity three-wire meter, which consists practically 
of two meters in one, the lower series coil is connected in one side of the 
system and the upper coil in the other side, with the full difference of 
potential between them. The shunt lias in this case, as in their 220 
voltmeters, a reactance in series witli it, and is connected across the 

In their three-wire meter for circuits taking above 50 amperes per side 
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a three-wire scries traituformer m iiHcd, and tbe shunt it! connected between 
one outer and the middle wire. 

The Ferranti-Haimlton Induction Meter. ^ A special feature of 
the Ferraiiti-Hainiltoti induction meter, illustrated in Fig. 151, is its com- 
bination of a sound mechanical construction with a simple electrical design. 
The parts of the meter are carried on a vertical gun-metal frame screwed 
to the caiit-iron case, from which they can be easily lifted. The terminal 
box is also well arranged and is placed on the top of the meter. It is 
provided with two main current and two shunt terminals, one of the 
latter of which is connected through a small copper hook to a main 
current terminal, and can be 
readily disconnected from it 
without opening the main cover. 
This is an important considera- 
tion in testing a number of 
meters iu scries, in which case 
the shunts must be isolated from 
the main current terminals to 
which they are connected, and 
are all placed in parallel across 
the testing circuit, the main 
current coils of the various 
meters being joined together iu 
series. 

(The working of the meter 
will be imderstood by reference 
to the sectional drawings given 
in Fig, 152. 

The revolving element con- 
sists of a light aluminium disc 
D mounted on a vertical spindle 
■S, which rests on a jewel, set in 
a removable jewel-screw J. 

It rotates in the air-gap 

soparating the shunt and series 

magnets, and between the poles 

of the two permanent magnets 

I'M, which are situated at the 

'"^- 151- back of the meter and produce 

the retarding torque. The 

spindle is geared to the wheel tmin CT actuating the index liMids, which 

read direct in B.O.T. units. Below the armature disc is the shimt tubular 

magnet TM, having an internal core C, upon which is wound the shunt 

coil Sh.C. The shell of the tubular magnet lias four inwardly projecting 

radial poles 1', , which alternate with the outward radial polos Pj of the 

magnet core. These two iMirts of the magnet are separately shown in 

Fig. 153. 

No choking coil and renist^inces are necessary, aa the type of magnet used 
provides a liit;hly inductive shunt circuit. 

Iron washers W, surrounding the shunt magnet, are used to adjust the 
meter on diilerent treiniencies, and the lower the frequency the more washers 
are required. Thoj also constitute the lag compensation for producing the 
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desired phase displacement between the series and shunt fluxes when the 
K.M.F, and current are in phaw. 



The series coils SeC are woiin 
is adjustably mounted above 
the disc and is fixed by ii 
strong clamp OL and tlie 
screws S, , Sg , and Sj . 

The wave fonn of winding 
of the series coil in ilUistrHtcd 
in Fig. 154, and is similar to 
that adopted in the Ferranti 
Hltematorof 18a4. Thesliunt 
and series magnets are slightly 
UDsymmetrically placed in re- 
lation to one another, the slotM 
of the series armature not 

being exactly above the poles Fig. 1 

of the tiibnlar magnet. The 
object is to obtani a sliiiht torque on the ahiint alone, t 


II the slots of a slotted armature S A, which 


injiensate for 


162 


ELRCTRICITY METERS. 


the friction of the index tmiii nnd hcarintfli, iind for any wunt of Hynnnotry in 
the magnetic ciruuitu. 

The fricticm fonijx.'ii8atiou on light IomIk in eiisily effected l»y tnriihi); the 
aeries amiatiire alKint the axis of rotation of the dine by means of the two 
screws S, and S^ If ^he Horiett magnet be displatcd uloekwiac the disc will 
tend to revolve in the opposite direction, and tuminjc the series magnet 
counter-clock wi^^e will tend to produce a clockwise rotation of the disc. With 
the maximinn possible displacement of the 
scries armature the torque obtained 'iB xiuall 
when the shunt only is energised, so that the 
tendency to creep is remote. The speed at 
full load is also readily adjusted by dect^asin^ 
or increasing the distaiicc of the series armature 
above the disc by moans of the nut N (Fig. 
152). This action strengthens or weakens the 
Gelds, and when the adjustment has been accom- 
plished the series roagnet is firmly clamped by 
CL and the screw Sg . To facilitate checking, a 
standard speed of 40 revolutions per minut« at 
Fio. IE4. full load is adopted, irrespective of the capacity 

of the meter. 
The Fort Wayne Single-phase Indaction Meters. — In Fig. 155 are shown 
front and side views of the indnction meter, type K, manufactured by the 
Fort Wayne Electric Works, Fort Wayne, Indiana, U.S.A. The revolving 
element consists of a light steel shaft, which carries, by means of ribbed arms, 
' ' L armature cylinder. It rotates between the poles of the 



permanent ningnet, held In position on the front of the lower bracket by a 
brass clamp. The magnet is adjustable vertically for varying the drtu; on 
the aluminiuu) armature, and, from itn upright position and distance from the 
series coils, ia shielded from the disturbing effects of excessive currents. The 
driving torque is exerted on the aluminiinn cylinder by two series coils and a 
shunt electro-magnet. The scries coils contain no iron, and are clamped to 
brass spiders mounted on the back of tJie base of the meter. They are 
arranged on the outside of the cylinder, and are symniotricajly placed as 
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rcjrai'ds the shunt magnet. The latter consists of a rectangular laminated 
magnet with a vertical air-gap in which the cylinder rotates, and on its 
upper horizontal limb it carries the potential coil in series w^ith an impedance 
coil, which is in the base of the instrument. 

The internal connections of the meter are shown in Fig. 156. C and C are 
the two main current coils, D is the shunt coil on the shunt magnet, and I is 
the impedance coil. The coil G is wound on the light load adjusting arm 
situated within the opening in the shunt coil D, and is shimted through the 
140 cycle lagging resistance H across a few tiniis of the impedance coil I. 
By properly adjusting the resistance H, the resultant shunt flux will be 
brought into quadrature with the main current flux, when the current and 
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E.M.F. are in phase. This constitutes the lagging compensation when the 
meter is intended for use on a frequency of 140 cycles per second. The 
meter is, however, double lagged, and when operating on a 60-cycle circuit 
the above phase conditions become modified. To again obtain the quarter- 
period displacement between the two fluxes, a coil E (Fig. 156) is wound upon 
the core of the shunt magnet, and is short-circuited through the adjustable 
60-cycle lagging resistance L. The change from a high frequency of 140 
cycles per second to the frequency of 60 or 50 cycles per second is effected 
by soldering together the large copper wires at D (Fig. 155) of this secondary 
winding, and these ends must be unsoldered and separated when changing 
back to a high frequency. In general it will be found necessary to correct 
the speed of the meter, after making this change, by adjusting the position of 
the permanent magnet. 
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The meter is provided with a light-load adjustment, which consists of the 
coil O mounted on the small htmiiut«d iron i;ore witliin the shunt coil. The 
iron core is attjiched to a pivoted arm, which can be displaced relatively to 
the centre of the ehimt coil. In the central pcwition the iron core with the 
coil produces no effect aa roKards any tcudoucy to drive the dine one way or the 
other, but if displaced it exerts a slight torque, either retarding or aeaiating 
the driving torque on the cylinder. The position of the starting coil ia adjusted 
by means of the screws A and B, and during this udjuBtment the clamping 
screw C must not be altered. Tlie screw C provides a means tor regulating 
the friction of the adjusting bracket arm. It is adjusted in the factory so as 
to produce just sufficient friction to hold the bracket in place. 

Thifl company have also recently introduced a new induction meter, type 
W, illustrated in Fig. 157. In this case the rotating element is a small light 
aluminium disc, mounted on a 
short shaft. The permanent 
magnet in the front is gauge- 
adjusted. It is attached to 
the lower bearing bracket by 
two screws engaging in slotted 
lugs on the m^net clamp, and 
ite position relatively to the 
disc is adjusted by a slidmg 
gauge, which can be locked. 
After the gauge has been set 
the magnet can be removed, 
and replaced without further 
adjustment. 

Two shunt coils, mounted 
on the upper and lower anus 
of the shunt electro-magnet, 
and two series coils are used to 
drive the disc, the series coila 
beuig situated opposite the 
shunt coils. 

No chokiug coil is used in 
the pressure circuit. The 140- 
Fm. 157. cycle meter has a double lag- 

ging coiniectiou, so that it can 
be adjusted tor a frequency of 140 or 60 cycles per second. The phase 
compensation b similar to that employed in their type K. The light load 
adjustment is made by alt«ring the position of a conducting plate in the 
air-gap, relatively to the revolving disc, by means of a micrometer screw in 
connection with a guide bar, which is locked by a small set screw when the 
adjustment has been completed. 

The Thcmison High-torque Induction Heter. — In the Thomson high- 
torque induction meter, manufactured by the General Electric Company, 
Schenectady, N.Y., the phase displacement between the shunt flux and the 
applied pressure is also made by the employment of a closed secondary wind- 
ing on the inner pole of the shunt magnet. The arrangement of the electrical 
system, producing the driving torque on the aluminium disc, ia shown dia- 
grammatically in Fig. 158. The shunt coil is wound on the centra] limb 
of the ahimt magnet, and the two series coils aro carried on the two 
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polea of the lower series electro-magnet, the armature disc revolving in the 
horizontal air-gap between the two toagnetic ayatenm. The secondary winding 
is used for the phase adjustment. The work done on the disc is absorbed 
in the adjustably mounted 
pemianent magnets in the 
front of the meter (Fig. 
159), and the registration 
is effected on the meter 
dial in the usual manner. 
The light load adjustment 
consiste in moving back- 
ward or forward a small 
rectangular conductor over 
the meter disc by means of 
a lever. Any demaguetia- 
ing action on the perma- 
nent magnets is prevented 
by their position, which is 
at right angles to and at 
a large disbince from the 
coils; moreover, the mag- 
netic circuit of the driving 
combination is practically ' 

closed on itself. 

This meter, in common with most American meters, is provided with a 
doiililc lagging arrangement, so that a high frequency meter for 125 and 133 
cycles per second can be 
adapted tor use on a 60- 
cycle circuit. The 60-cjcle 
meter is, however, not pro- 
vided with this device. 
An important feature of 
this meter is, that it can 
l>c used without a current 
transformer for currents 
up to 300 amperes in a 
two-wire and 150 amperes 
in a three-wire system. 

Scheeffer InduGtion 
Watt-honr Meter. — In 
the meter made by the 
Packard Electric Com- 
pany, Limited, Ontario, 
Canada (the Bastian Meter 
Co., Ltd., London), the 
(piartcr - phase displace- 
ment lictwcen the shunt 
Kii;. 16H. and aeries fluxes, on non- 

inductive loads, Is obtained 
liy means of a uJioktng coil in series witli the shuut coils, and a secondary 
circuit consisting of a few turns of wire wound on the shunt magnet and 
short-circuited on themselves through a small adj\istablc resistance. The 
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general appearance of tlie meter will be seen in the view given in Vig. 160. 
The various cluDients of the meter, except the scries coil, are mounted on a 
frame which in Hupportcd in the uwt-iron case, and can be easily removed 
from the latter. 

The two shunt coils are carried on the two vertical limbs of the laminated 
shunt magnet, and are in ueries with the choking coil situated at the top of 
the meter behind the rt^stering dials. A pivoted laminated iron bridge, 
separated from the poles of the shunt magnet by the horizontal airgap, with- 
in which the aluminium disc revolves, compleUis the mt^netic circuit of the 
shimt field. Above the disc and between the pole-piecea is the series winding, 
which contains no iron, and the plane of which is perpendicular to that of the 
shunt coils. The disc is mounted on a vertical spindle, which rests on a 
highly polished ball in the jewelled step-bearing. It also rotates between the 
poles of a pennanent magnet in the front of the meter, held in a brass clamp 
capable of motion along two rods at 
right angle to the supporting frame. 
The adjustment of the brake magnet 
is vet7 easily performed. The speed 
of the meter is altered by loosening 
the heiagon head screw in the clamp 
and adjusting a second screw imder 
the same. If this screw be turned 
clockwise, the ni^iet will move in- 
wards and the speed of the disc will 
he decreased ; if the meter be run- 
ning slow, the magnet is moved out- 
wards by turning the screw counter- 

The pivoted laminated iron bridge 

has attached to it a small lever on the 

right, which, if moved down, will cause 

the disc to tend to move forward on 

the shunt alone, and raising the lever 

produces a tendency to move back- 

Fio. 160. wards, so as t« increase or decrease the 

facility with which the meter starts on 

low loads. When the friction compensation has been regulated, the position 

of the bridge is secured by means of a clamping screw in the meter 

frama 

Stanley Induction Meters. — The mi^ietic suspension watt-hour meter 
for alternating currents, manufaetured by the Stanley Instrument Company, 
Great Harrington, Mass., U..S.A., emliodies several important features in its 
electrical and mechanical ilesign, in virtue of which the various disturbing 
forces inherent to meters of this class are counterbalanced or removed, and 
the accuracy of the meter will, under normal conditions, remaui unaltered. 
Two illustrations of this meter arc given in Kins. 161 aud 162, of which the 
former is a perspective side view of the switchltriard instniniciit, and the latter 
is a front view <if the house-service type. 

By means of the magnetic suHjiension the revolving element floats entirely 
in the air, and licaring friction, with the consequent jewel and spindle renewals, 
is entirely eliminated, as no rubbing contact exists between the rotating part 
aud the bearings. 
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The magnetic stutpension is illustnited and explained in detail iu Chapter 
XIII. 

A double motor system is used to produce the driving torque, and is 
symmetrically arranged, one half above and the other half below the 
armature disc, which ia placed midway between the two shunt magnets at a 
point of zero magnetic potential. In this manner the hammering, vrbicb 
would otherwise ensue, ia prevented. In a meter in which the shimt and 


sericii magneto are arranged on one side only of tlie disc, either above <)r 
below it, the latter is made to chatter and pound the jew el-bearing due to 
the attractions and repulsiona between the magnets and the eddies induced in 
the diac. These attractions and repulsions are due to the eddies being dis- 
placed in phase by more than 90 degrees from the alternating fields producing 
them. Fig. 163 is a diagrammatie sketch of the shunt and series 
system, also of the li^ compensation employed in the Stanley meters. Two 
shunt magnets M, and M, are used, and the armature disc revolves iu the 
horizontal air-gap midway between them. Each shunt magnet has two energis- 
ing coils, making four in all, connected together in series across the su|»ply 
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mains. The series winding coiitaina no iron and ia made in two halves A and 
B, which arc placed the one above and the other Itclow tlie horizontal air-gap 
between the poles of the shunt magnets. 

C, and Cj arc the magnetic bridgtii extending across and between the 
shunt magnets, by means of which and the self-inductfon uf the shunt coils 
exact quadrature is obtained between the shunt and series fluxes when the 
main current is in phase with the supply voltage. The parts are so 
designed — that is, the air-gaps, conductivity of the magnetic bridges, etc. — that 
an external adjustment is uiuiecesHary, and the meters register accurately on 
inductive loads of nuy power factor. 

These magnetic bridges arc coniposod of sheet-iron plates built up to the 


Fio. 162. 

necessary thickness. Each prcffeiils an auxiliary patli for the passage of a 
certain amount of the magnetic lines produced by the shunt system, depending 
upon the air-gaps at each end and the air-gap in which the disc revolvcB j in 
other words, it is the ratio of these two air-gaps which determines the amount 
of flux which passes over this magnetic bridge. The eddy currents set up in 
the revolving disc reacting, cause, in their turn, a certain flow also back and 
across the magnetic bridge. The combined interaction is sufficient and of 
such a nature to produce quadrature Iwtween the shnut and series fluxes 
with a load of unity power factor, and, consequently, the nieter registers 
correctly on inductive loads. The construction, as indicated in the diagram 
(Fig. 163), is true only for a given thickness of rotating disc, i.e. for a disc 
of given conductivity. Any change iu this conductivity will change the 
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reaction from the disc on the shunt system and cause some angle of lag other 
than 90 degrees. 

The vector diagram of the meter is given in Fig. 164. E represents the 
applied pressure of the supply circuit and S the resulting shunt current, 
lagging behind the pressure by about 80 degrees, as also the flux OF^ to 
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Fig. 163. 

which it gives rise. OV^ is the flux due to the eddies induced in the 
magnetic bridges displaced by more than 90 degrees from S. These two 
fields, when properly adjusted, combine in the horizontal air-gap to a 
resultant flux F at right angles to the impressed voltage E, or to the series 
flux F produced by a main current 0*M in phase with the supply pressure. 

In the meters made by this company the side 
thrust exerted on the bearings by the unsym- 
metrical field is completely counterbalanced. In 
an induction meter in which the motor system 
is not placed centrally with reference to the disc, 
but close to one edge, the field produced by the 
eddies induced on the disc is crowded in from the 
side towards the edge. 

The unsymmetrical field tends to displace 
or tilt the disc out of its normal position, pro- 
ducing a side thrust on the bearings. This side 
thrust is nullified by the use of a short-circuited 

winding. In the case of most of their meters it consists of a mere copper 
band around one-half of the shunt pole, as can be seen at A and B, Fig. 161. 

This copper band pnxluces an unsymmetrical field in the shunt core, or, 
rather, two fields of slightly different time constants are produced, which, 
with the band located on the liiick half of the core, tend to throw the disc 
back into its normal position, and by properly adjusting the winding of this 
band the force due to the unsymmetrical field in the disc is counteracted. 


Fig. 164. 
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At V, Fi){. 161, will b<! seen unall <;opper v&iiett wliicli are swung under- 
neath the BTmiit pole for the piirpoae of balaticiiif^ the meter on the shunt 
only, so att to connturHct the effect of creeping. 

The dial and brake luagnctn arc monnted on t}tc front of the supporting 
franic, Figs. 161 and 162, and the brake magneto are protected from the 
motor system by an iron shield marked Y in Fig. 161. 

Tu'o permanent uii^iets arc nsed with soft iron pole-pieces between their 


[jolcH, and cunhtining a gap in which the disc revolves. The braking etfect 
is atijiisted by raising or lowering the screw under the lower brake pole, de- 
creasing or increasing the gap as desired. 

The niagnctH themselves arc fixed in jMsitiou and the brake field is 
uiiafFeetwl by ()niinary external influences, as the soft iron pole-pieces are 
always highly mf^^etised. 

Fig. 165 is a front view, with the cover removed, of the jewel meter, 
type H, made by this company. Tlie main difference between it and the 
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iii^uetic HUHpuiision meter is that the meter shaft is sii{)[)iirtcd in a jewel 
spriiig-bearing. The same electrical dcBign is used in this t^po, and the side 
thrust, creeping, and disc vibration arc balanced in exactly the same manner. 

The meter is designed mainly for small installations, taking up to about 15 
amperes for two- and three-wire circuits. 

The motor part is enclosed in an iron box forming the baek portion of the 
meter case, sepivrated from the front by a division pluto which also constitutes 
a magnetie shield. 

The air-gap of the brake mi4inct can only be changed by means of the 
adjusting screws placed on the 
yoke below the disc, and in 
this way the speed of the meter 
adjusted. The position of the 
brake magnet is itself invari- 
able. 

A new met«r, of the jewel- 
bearing type, illustrat«d in Fig. 
166, has just lately been put 
on the market by this com- 
pany, and is known as the 
Stanley rotated jewel-bearing 
induction meter. It ban practi- 
cally the same motor construc- 
tion as in the type H, Fig. 165, 
the novelty being in the jewel- 
beanng, a description of which 
is included in Cliapter XIII. 
This meter can also be verj- 
quickly and easily adjusted for 
any frequency from 40 cycles 
to 133 cycles per second. This 
is accomplished by the magnetic 
shunt principle used in the 
Stanley motors. A eontaet on 
a small rheostat is moved, 
which altore the reluctance of 
the magnetic circuit, so that the 
shunt syatom can be adapted to 

the different frequencies. The ^^°- ^**- 

ratio of the torque to the weight 

of the disc ia 10 to 7, the torque being 50 millimctrc-grauuiios, the weight 
35 grammes, and the shunt loss ia 1 watt at 110 volta. Creeping ia 
prevented by means of one of two Iwilancing vanes on each side of the 
revolving disc, and either can he brought between the dise and the shunt pole 
below it. 

The A.C.T. Indtiction Watt-hour Meter of the British Thomson-Houston 
Company, for inductive and non-inductive loads, is of very simple electrical 
and mechanical design. It is typical of the third class of induction metors, in 
which the phase difference of a quarter period is obtained l>etween the main 
current and pressure current fluxes, when the currents and E.M.F. are in 
pha^e, by creating a lai^e phase-shift between the shimt flux and the pressure, 
and splitting up the main current into two hiiuieh circuits in the metor, of 
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wlituh tliu uiic in pniutiually fruo from sclf-iud notion, wlieroau the other ib 
made highly iuduetive, so that thu resultant serieB fliix lei*da in advance 
of the prcesiirc, and the angle of lead will l>u exactly the eoinplement of the 
aiitfle of 1^ of the pressure eiruuit when the meter has lieeo properly 
ad j listed. 

In Figs. 167 and 168 arc two illiistratiouH of the meter, which show iU 
general appearance with and without the cover. It is very compact, and is 
perhaps the smallest meter in use, having an overall length of but 6 inchea, 
and being slightly more than 5 inches in width. 

One shunt electro-mi^^net and two main current electro-magnets comprise 
the driving elements of the 
meter. The two main current 
coils, one on each of the two 
magnets, are connected in par- 
allel with one another, and iu 
series with one of them is a 
variable resistance for the phase 
adjustment. The resulting shimt 
and main current fluxes act 
upon a pivoted copper disc, and 
rotate it with a turning moment 
proportional to the power ex- 
pended in the circuit (».e. KC. 
cos-^). A permanent magnet 
operates upon the same disc and 
provides the retarding torque 
proportional to the speed. 

The dials record direct the 
imibi consumed, aud are driven 
in the usual manner. 

All the partH are readily 
accessible, the different adjusts 
mcnts can be altered, aiul the 
whole meter taken to pieces, 
with speed and 


A light fminc fixed to the 
Fki. 107. meter, base supports on its 

front face the integrating train 
and retarding uuignct, aud carries at its lower extremity the jewel scrcw- 
l>eoriiig. These piirts of the meter, togctlier with the disc and the adjustable 
resistance with its sliding contact, arc clearly visible in Fig. 168. On 
the back of the frame arc mounted the shnnt and series systems. The 
ek'ctriciil elements of the meter and their rchitive arraiigeuients are shown 
diagrauuiuitieally in Fig. 169, the friction compensation device being omitted 
for the sake of cleiimesH. 

N is the shunt miignet, cuinposed of soft iron stampings. It is energised 
l)y the pressure coil, and has an almost closed iron circuit, except for tlie small 
vertical air-gap V. Its lower ]K)le-piecfB are cxtondwi and carry the bobbin 
on which tlie one iiiuin ciirreut coil H is wound. Innnediately below tlie 
shunt mngnct, and separated from it by the horizontal air-gap in which the 
armature disc K rotates, is a second small laminated magnet. It cousisia 
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practically of two horseshoe magnets, with their vertical Tokea coml>iiicd to 
foi-m A middle limb on which is wound the second main ciiirent coil H'. 

In scries with the upper coil H is the adjiiBtitblc resistance W, made of 
cuiiatuntan, ur (icrman silver wire, part oF which laxa be Hliort'i/ireiiited by the 
sliding contact X. H' is wound in the opposite sense to H, and the two are 
connected in parallel as shown in the diagram. 

The principle of the meter will be readily understood by reference to the 
vector diagram. Fig, 170, and consiBts essentially in the utilisation of the flnzes 
produced by the main current and pressure current coils. Each of the two 
fluxes, i.e. the shunt &ux and the resultant aeries flux, induces eddy currents 
in the disc, the rotation of which 
results from the mutual interaction 
of the main curreut magnet on the 
Foucault currents generated by the 
pressure coil, t<^ether with the inter- 
action between the eddy currents 
induced by the main current coils 
with the shunt magnet. 

E denotes the P.D. of the supply 
circuit, and C is the main current 
flowing, supposed in phase with E. 
S is the shunt cnrretit, and gives rise 
to the flui Fg, both of which, owing 
to the lai^e self-induction of the 
pressure coi^ lag considerably behind 
the voltt^ of the circuit by an angle 
tfi, less than 90 degrees. Most of the 
lines of force, due to the pressure 
current S, flow in the shunt magnet 
direct through the vertical gap as iu 
a continuous ring, and ouly a small 
percentage of them cuts the disc. 

The main current C, in phase 
with E, divides into two portions in 
the meter, the one part traversing 
the winding H' on the lower magnet, 
and the olJier flowing round the coil 
H on the upper magnet poles. The *'"'■ '*^- 

coil H has a low self-induction com- 
pared with its ohmic resistance, so that the greater part of the current 
circulates in it, and it would, if acting alone, tend to drive the disc in the 
direction of rotation. 

The current Co in this branch, and also the flux F, to which it gives rise, 
lead in advance of the total current by a small angle tfi^ The winding H' 
has, relatively to H, considerably more eelf-iuductiun, and is traversed by a 
weak current only ; moreover, it is wound in the opposite sense, and this 
results in displacing its magnetic flux through 180 degrees relatively to the 
current in it. This current C, lags behind the main current in the circuit by 
an angle ^, , and the flux i\ , which it produces, differing from it in phase by 
180 degrees, will be in advance of the total current C. The two fluxes F, 
and Fj combine to a resultant flux Fg, which leads by a small angle ahead of 
the main current C in the circuit. 
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When the meter is properly adjusted, Fr should be at right augles to Fg , 
and the meter will then read correctly on any power factor. 

A second \'ector diagram of the meter is shown in Fig. 171, to illustrate; the 
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case in which the current C lags behind the pressure E by some angle ^. To 
draw the diagram it is only necessary to first assume the current in phase 



F%^:i 
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with the E.M.F. The current is then shown as at C, and the resultant series 
flux F'b is at right angles to Fg , as explained above. The current vector is 
then rotated through the angle of lag i/r into its correct position as at C^. 
Now, the currents in the two current windings will not be altered relatively to 
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one another, on account of the main current being out of phtisc with the 
E.M.F., but only their relationship, Le. angular displacement, with respect to 
the pressure. The effect is, therefore, to simply turn the resultant series flux 
through an angle i/r, and the vector Y^ is drawn in the position Fr such that 
the angle F'rOFr is the same as the angle of lag. The torque is proportional 
to the true power E.G. cos i^. In every case, if T denote the torque, 

TocFs.FR.sinF80FR. 

Now sin (FsOFr) = sin (FsOF'r - F'rOFr) 

= sin (90** - ^) 

= cos iff. 

Also FrOcC and FgOcE, 
TocE.C. COSl/r. 

In Fig. 172 is given a sketch of the meter for the purpose of explaining 
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the method of carrying out the various adjustments. V and V are two iron 
screws, so mounted that they face the poles of the permanent magnet M, and, 
according to their position, shunt the flux more or less. When screwed in 
they shunt more of the flux, and thereby weaken the brake field in which the 
disc R rotates, with a corresponding increase in the speed of the meter. If 
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the speed be too high, the screws must be screwed out, further away from 
the poles. This affords a very reliable and easy method of effecting the high 
load adjustment. The screws are fixed by means of lock nuts when the 
adjustment has been completed, and the magnet itself is not moved. The 
friction compensation device, by which the speed of the meter is regulated on 
low loads, consists of an iron strip and screw shown at F. This strip shades 
the left-hand pole and produces a shifting field which tends to drive the disc. 
The intensity of the field is controlled by the iron screw, which, on being 
screwed in, accelerates the disc. 

The phase adjustment for inductive loads has already been explamed, and 
is performed by altering the position of the sliding contact X, which is 
soldered when the adjustment is made. By altering the position of X the 
resistance in the' circuit H is changed, while that of the circuit H' remains 
unaltered. This varies the relative reactance of the two branchcfs. If the 
resistance in H be increased, <^2 will increase and ff>^ will diminish (Fig. 170). 
X is moved up or down until the resultant series flux is at right angles to the 
shimt flux, when the meter is correct. This adjustment is usually carried out 
with a power factor of about '5 or '3. The shunt loss is very low, generally 
less than 0*5 watt, from 100 to 230 volts, with a periodicity of 50 cycles per 
second. The torque at full load is 3 J centimetre-grammes, and the weight 
of the revolving element 60 grammes. 

Single-phase Induction Meters, Types B.L. and LB. — The altemadng 
current meter for inductive loads, type B.L., of the Compagnie Anonyme 
Continentale pour la Fabrication des Compteurs, Paris, is illustrated in Figs. 
173 and 174. The requisite quarter-phase displacement between the main 
and the pressure current fluxes openituig the meter, when the main current 
is in phase with the pressure, is obtained by the employment of a suitable 
reactance in series with the pressure coils and an inductive shunt to the main 
windings of the meter, which latter are, further, connected together through 
an adjustable resistance. The main supply current, on entering the meter, 
splits up between these two branches. The inductive shunt will only carry 
a small fraction of the whole current in the circuit, owing to its self-induction, 
and this current will lag behind the total current, whereas that flowing in 
the main windings proper of the meter will form the larger part of the total 
current, and will lead in advance of it. 

By suitably adjusting the resistance, which alters the relative reactance of 
the two main current branches, and also the choking coil in the pressure 
circuit, the meter should function correctly on inductive loads. 

It can be easily shown that the current in the main windings will always 
be proportional to the total main current flowing in the circuit, whatever the 
value may be. The object of the choking coil in shunt with the main current 
coils is to reduce these windings, and to cause the current in them to lead and 
to produce a leading magnetic field. It will be further noticed that the flux 
due to the lagging part of the current in the inductive shunt is not used to 
influence directly the revolving part of the meter. 

Referring to the illustrations, an aluminium bell C coustitutes the arma- 
ture of the meter, and is moimted on a steel spindle A, resting on a flexibly 
carried jewelled bearing. The upper part of the spindle carries both the 
driving worm actuating the meter dials and the aluminium brake disc P, 
rotating between the poles of a permanent magnet K The driving element 
is composed of a laminated iron ring having three inwardly projecting poles 
N, N', N". The bell C rotates in the air-gap between these poles and the 
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eccentrically-placed laminated iron core M. The core M serves to concentrate 
the lines of force and to augment the driving torque. By means of the 
adjusting arm m attached to it, the core can be displaced relatively to the poles 
and the sensitiveness of the meter adjusted on low loads. The pressure 
winding consists of three coils mounted on the three poles, as shown in the 
illustrations. In series with these coils is the adjustable choking coil K, and 
the pressure circuit is connected direct across the supply mains. 

The two main current coils are wound on the poles N and N', and are 
connected together by the resistance R, which can be partially short-circuited 
by the adjustable sliding contact r. These coils are connected at their other 



ends to the main current terminals h h\ which are shunted by the inductive 
resistance S S. 

The speed of the meter at top loads is increased or decreased by altering 
the position of the brake magnet E, adjustably mounted for this purpose. 

A meter suitable for small consumers is also manufactured by this 
company. A sectional drawing of the instrument, type I.R., is given in Fig. 
175, and its action will be understood by reference to Fig. 176. The moving 
element is a copper bell C mounted in the usual way ; it forms at the same 
time the brake iu conjunction with the permanent magnet E. The shunt 
coil of the meter is wound on the yoke of a laminated iron magnet, the two 
pole-pieces of which are each provided with three teeth. The copper bell 
rotates between these pole-pieces and encloses a stationary soft iron core M. 
The core concentrates the fields produced and forms the light load adjustment 
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device. Its poaitioii relatively to the teeth of the poles is altered by rocking 
the adjusting arm D, which ie attached to it and is controlled by means of the 
two screws V and V. A very sensitive adjustment can be obtained by this 
method. The main current coils are distributed in the notches on the pole- 
pieces, as shown in the diagram, Fij^. 176, and are wound in the same sense on 
the two branches of the magnet. The result is that the fluxes produced by 
these main current coils oppose each other in the iron core ; they, therefore, 
form local circuits round the windings. A laminated iron bridge-piece P 


short-circuits the two limbs of the magnet and considerably increases the self- 
induction of the pressure coil connected in series with the choking coil S. 

The greater part of the shunt flux h takes the path through the bridge 
r, and only a small part traverses the core M. This part, together with 
the magnetic flux H of the main current coils, produces the driving torque. 

The shunt fliii h and the main current flux H are indicated respectively 
by the dotted lines and those shown in full in Fig. 176. 

Eclipse Heter.^Fig. 177 is a diagram showing the motor system used by 
the Luische Industriewerke, Mimich, (Jermany, in their ' Kclipse ' meter, 
type F.KG., for non-inductive loads only, such as incandescent lamps. The 
shunt 6nx is produced by means of a single pressure coil S wound on the 
central limb of a three-pole laminated shunt magnet N, constructed as a 
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choking coil, with an almost closed magnetic circuit. About 90 per cent, of 
the lines of force form closed loops through the vertical air-gaps Vj and Vj , and 
the remaining 10 per cent, cut the revolving disc A and induce the shunt 
eddies in it. 

The lag of the shunt current behind the pressure of the circuit is about 
75 degrees, and an auxiliary choking coil is not used for circuits up to 
250 volts. 

Below the armature disc A and opposite the shunt magnet N is the four-pole 
series stator, which is energised by two main current coils wound on the two 
inner poles Pg and Pg and placed in series in one of the supply mains. With 
the polar gaps of the shunt and series magnets displaced relatively to one 
another, as in the arrangement adopted, the shunt eddies are dissipated in the 



Fig. 177. 


main current field and the series eddies in the shunt field, and, in consequence, 
the torque obtained is fairly high compared with the relatively weak fields used. 

For circuits in which the current is out of phase with the voltage, this 
company use the * Eclipse' meter, type F.E.M., in which an exact quarter- 
phase difference is obtained between the shunt and main current fluxes when 
the power factor is unity. 

The method employed is similar to that adopted in the A.C.T. meter, and 
consists in making the main current flux lead in advance of the main current. 
The main and series system of the type for inductive loads is illustrated in 
the diagram in Fig. 178. Tt differs from Fig. 177 mainly in the series wind- 
ing, which is composed of four- coils wound on the four poles of the series 
magnet. The main current, supposed in phase with the P.D., divides into 
two components C^ and Cg , of which the one, Cj , flows round the two inner 
poles Pg and Pg , giving rise to only a few lines of force, which nearly all cut 
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the disc A. The other component, Cg , flows round the outer poles Pj and P^ , 
each of which has an iron short-circuiting piece G, and produces several lines 
of force, which, however, are for the most part short-circuited on themselves, 
and only a very few will traverse the disc. The two systems of coils are 



Fig. 178. 

placed in parallel, and arc wound so as to oppose one another, the coils on 
the inner poles behaving exactly as in the previous type. 

The windings on Pg and P.^ arc connected together in series with an adjust- 
able resistance of nickel wire W, part 
of which can be short-circuited by means 
of the sliding contact L. By regu- 
lating the resistance W, the relative 
inductance of the two branch circuits 
can be altered luitil the resultant main 
current flux is at right angles to the 
shunt flux, when the main current is in 
phase with the pressure, as in the vector 
diagram in Fig. 179. E is the pres- 
sure, OFs is the shunt flux, due to the 
shunt current S lagging about 75 
degrees behind E. O C is the main 
ciu-rent, supposed in phase with OE, 
Cj is the current conii)onent round the inner poles Po and P^ , producing tlie 
flux OF^, and OC'.^ is the coniixment round the outer poles l\ and P4, giving 
rise to the flux Fo . O F, and O l\ combine to the resultant O F„ at right 
angles to F^ . In botli types the armature consists of a light aluminium disc 
mounted on a vertical spindle supported in a jewelled spring-bearing. The 
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whole revolving system weit;hed only about 15 ^^rammex, and, in con^equeDce, 
no cl&mpiug device is iiaed. The disc revolutions are conveyed in the tiBual 
nmnner to a counter with springing figures, which indicate the energy con- 
sumption direct in iinit«. Tlic brake torque is produced by a permanent 
magnet, between the poloM of which the armature disc rotates. The position 
of the magnet relatively to the disc can be altered for performing the high 
load adjustment. 

The friction compensation coiisists of a small iron strip T, adjustably 
mounted between the armature disc and the series magnet (Figs. 177 and 
178). The shunt flux is by this means made unsymmetrical, and an auxiliary 
starting torque is obtained proportional to the voltage. To prevent running 
on the shunt alone, a fleck of iron duMt is lacquered on the disc. The disc 
can, under the influence of the shunt alone, only rotate luitil this spot comes 
between the poles, when it is held, and further motion is stopped. Fig. 180 
is a front view of the type F.E.M., for inductive loads. The motor system 
is fixed to the back of the eesc, and the front supports the brake mt^net, the 
counter, and the bearings, the disc partially projecting through the base into 
the back of the meter, which is closed hy a zinc cover. In external appearance 
the two meters do not differ. With the arrange- 
ment of the current-carrying parts on one aide 
and the brake system on the other side of the 
base, the latter acta as a complete magnetic 
shield to the magnet. 

Meters with Current and PreBsnre Trans- 
formers. — In a low-t«naion 200 volt system, 
when the current exceeds 50 to 100 amperes, 
alternating current meters are used in connection 
with series or current transfer ru era. The main 
current flows through the primary ampere-turns 
of the transformer, the secondary ampere-turns 
of which are connected to the main current Fiu. 180. 

terminals' of a small capacity meter. The size 

of the transformer naturally depends upon the total current of the circuit, 
whereas the meter is, in general, wound for a standard maximum current of 
about 5 or 10 amperes, the actual capacity of the meter varying in the 
difierent types. 

The transfonnera are so designed that they give a constaut ratio over the 
entire range, from the lightest load to a large overload. On inductive loads a 
series transfomter, according to its design, will cause the meter to run either 
slightly too fast or too slow, and, therefore, uiet^irs to be used with current 
transformers are either under-compensated or over-compensated, so that they 
are somewhat slow or fast on inductive loads without the transformer, and are 
correct on all loads when the transformer is used. 

For high-teusion systems, both pressure and current transformers are used, 
whatever the current capacity of the circuit, so that no high-tension cum ' 
traverses any part of the met«r, which can, therefore, be handled with i 
punity. The shunt circuit of the meter is placed in series with the h 
voltage secondary of the potential transformer, tlie primary terminals 
which are connected across the high -tens ion mains, and the main eurrenl 
coils of the meter are (■()nnected to the scries transfonner, as already 
explained. 

In Fig. 181 is a diagram of connections ot a Wcstinghouse meter, to 
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illustrate the casL' in wliich Ixitli a prcsHiirc 
used on a liigli-tcnHioii Minglc-phaxe circuit. 

For voltage 


and a current transformer are 


below 600 or 500 volts, 
biit above 250 volta, some firms employ 
potential ratio uoilit and choking coils instead 
of transfonucrv, lining, however, the latter 
for higher pressures. The potential ratio 
coil is connected direct across the circuit, 
and a point in it is joined to the shuut ter- 
minal of the meter, so that the voltage acrous 
the prcusure circuit of the latter is reduced 
U) about 100 or 110 volta. When the capacity 
of the (jirciiit eiceeds about 100 amperes, in 
addition to the potential ratio coil, a current 
transformer in used. A diagram of connections 
of a Stanley meter with a potential ratio eoil, 
on a 600-volt single-phase, -small capacity 
circuit, is given in Fig. 182, as typical of 
this method. When a choking coil is used, 
the pressure circuit of the meter is placed 
in series with the choking coil direct acroas 
the su|)ply mains. 

Switeliboard induction metcns present no 
Kpccial features. They simply consist of the 
usual types, suitably inoimted for fixing on a 
switchboard, and they are enclosed in cylin- 
drical, metal or glass cases. They are used in 
connection with both pressure and current 
tmnsfonuers, each meter having itD own series 
only one or two pressure transformers are used to 



CHAPTER IX. 

POLYPHASE METEBS. 

Two- Wattmeter Method of Measuring Power — General Description of Polyphase Meter — 
Polyphase Meters for a Three-phase Four-wire System — Behaviour of Three-phase Three- 
wire Induction Meters on Inductive Loads — Condition for Use of One Single-phase 
Induction Meter — Effect of Wrongly Connecting a Three-phase Three- wire Meter — Aron 
Polyphase Meters — Bat Polyphase Metera— Electrical Company's Three-phase Meter 
— Three-phase A.C.T. Meter — Deutsch-Russische Three-phase Meter — Fort Wayne 
Polyphase Meter — Siemens-Schuckert Polyphase Meters — Thomson Polyphase Meter — 
Westinghouse Polyphase Meter. 

Two-Wattmeter Method of Measuring Power. — The mathematical prin- 
ciples involved in the measurement of the electrical power absorbed and, 
consequently, the electrical energy 

consumed in a given time in a jj^- ■ iM/i^ t 

polyphase system, have been ex- «— niVn-i 

plained in Chapter VII. By a 
polyphase system is meant a two- 
or three-phase network with three 
and four conductors. 

The general method of measur- 
ing the power absorbed in a two- 
phase three- or four-wire system, 
and in a three-phase system with 
three conductors, consists in the 

use of two wattmeters, connected as shown in Fig. 183, which represents 
a three-phase three-wire network, both for a star or delta coupling of the 
three-phase branches. 

The instantaneous value of the power is 
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Jf^ — U|.C| ^'2*^2 


The mean power is 


T 


VyCydt — 


T 


v\x^At , 


where v\ , v\ , k\ and c^ , Cg , Cg are the instantaneous values of the pressures 
between the supply mains and the currents in those mains. Pj and Pg are 
the two wattmeters, and the method is commonly known as the two-watt- 
meter method of measuring power. It follows that two induction watt-hour 
meters connected as in Fig. 183 will measure the energy consumed in such a 
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circuit whether balanced or unbalanced, Pj and Pg now representing energy 
meters. 

In a three-phase star- or dclta-couplcd system, when the load is equally 
distributed between the three-phase circuits, the equation for the mean power 
was shown to reduce to 

P = ^3. V.C. cos (<^ - 30**) + V3. V.C. cos (</» + 30"), 

where V and C are the phase pressure and the phase current (or main current) 
for a star coupling, and for a delta connection V is the P.D. between the 
mains, and C is the phase current in a leg of the triangle, all being root mean 
square values ; also <f} is the angle of lag, which in this case, as the system is 
balanced, is the same for each phase. 

If Vj denote the P.D. between any two of the supply mains, and Cj the 
current flowing in one of the mains (R.M.S. values), then for a star coupling 

Vi=^3.V and Ci = C, 

and for a delta coupling 

Vi = V, but Ci= ^/3.C, 

so that in both cases the mean power is 

P = VjCi cos {i> - 30') + VjCi cos (<^ + 30**). 

The energy consumption in the time (Tj - Tj) is, therefore, 

E = f ViCi cos (</» - 30'*)(// -H f Vi.Ci cos {<l> + 30')dt . 

T, T, 

The one induction watt-hour meter reads / VjCj cos (<^ -- 30*)rf/ and the 

Ti 

other / Vj.Ci. cos (^ + 30')</^ , the sum of the two readings giving the total 


"• 


three-phase energy consumption, viz. / ^S.Vj.Cj cos ff>dt. 

T, 

When the currents and pressures are in phase, i.e. cos <^ = 1, then 

Tj __ T.| Ta _ 


Each meter reads I V,C, ^ dt, so that the total energy consumed is, in 




this ciise, obtained by using a single ordinary induction meter suitable for a 
two- wire single-phase alternating current circuit, connected as Pj or P., 
(Fig. 183), and by doubling the difference between its two readings taken at 
the commencement and termination of the interval under consideration. 
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In general, when a single-phase meter is intended for use on a perfectly 
balanced three-phase system with a power factor of imity, the integrating 
mechanism is so geared that the readings give the total energy tiiken, and it 
is then not necessary to use the multiplier 2. 

When the system is imbalanced, and also when the system is balanced, 
but the currents and pressures are not in phase (i,e, cos <^4=1), then two 
watt-hour meters must be used. By suitably choosing the constants of the 
two meters they can be combined to form one instrument, and this is the 
general method adopted. 

General Description of Polyphase Meter. — A polyphase meter, therefore, 
consists, in general, of a combination of two single-phase motor-meter elements 
operating upon one armature disc, or cylinder, or upon two such revolving 
parts, in which case the two armatures are mounted on a common spindle. 
The revolutions of the meter spindle in either case are transferred to an 
integrating train in the usual manner, and the ordinary magnetic brake 
system is used. The total torque exerted on the meter spindle is the 
algebraic sum of the torques exerted by the two motor elements, and is 
proportional to the total polyphase power, so that the diflference between two 
readings of the meter dial gives the total polyphase energy consumed in a 
given interval. The polyphase meter for unbalanced loads is usually 
connected to the two-phase or three-phase circuit in the same manner as when 
two watt-meters are used for measuring power (Fig. 183). This, however, 
does not apply to polyphase meters for measuring the energy consumed in a 
three-phase system with four conductors. 

By the adoption of a single instrument to measure the energy, however 
unbalanced the phase circuits may be, large economy is secured. The usual 
method consisted in the employment of two independent single-phase watt-hour 
meters. The use of two separate meters has, however, several disadvantages. 
The capital cost is increased, the maintenance charges and the erection costs 
are duplicated. Space has to be provided for two meters instead of one, and 
two meter readings have to be taken and added together, with the result that 
errors can easily be introduced. 

In an induction meter for ordinary single-phase circuits it has been 
pointed out in previous chapters that the pressure current and main current 
fluxes operating together on the revolvable disc must have a phase displace- 
ment of one-quarter period relative to one another when the current and 
the E.M.F. are in phase, i.e, when the meter is operating on a purely non- 
inductive load. Exactly the same condition must be fulfilled by each of the 
motor systems of the polyphase meter, whether for balanced or unequally 
loaded systems. 

By so choosing the pressures of the three-phase system to produce the 
shunt fields, special artificial phase devices need not be employed, on the 
assumption that the pressures of the three-phase system are equal to one 
another and have a relative phase displacement of 120 degrees. In the 
Siemens-Schuckert three-phase meter, type F.U., this method is used. 

As with single-phase meters, current and pressure transformers are used 
for the measurement of lieavy currents and high volUigcs, and on high-tension 
systems both current and pressure tninsforniei's are employed, whatever the 
capacity of the installation. 

Pol3rpha8e Meters for a Three-phase Four-wire System. — In a tliree- 
pha.se system with four conductors the power absorbed is obtained by means 
of three wattmeters, the current coils of which are connected in the three 
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supply maiiiB, and the pressure coils of which are placed between these mains 
and the common return or neutral wire. The proof is given on page 129. 
The energy is measured by three single-phase induction meters connected in 
the same manner, as shown in Fig. 184. The sum of the three readings will 
give the total energy consumed. It is, however, not necessary to use three 
instruments, as a single polyphase meter can be used when specially designed 
for a three-phase four-wire system. The principles involved in the construc- 
tion of such a meter will be found in the latter part of Chapter VII., and it 
will be seen that they differ from those on which the ordinary polyphase meter 
is based. In other words, a meter suitable for a three-phase three- wire net- 
work (or two-phase with three and four wires) will, in general, not measure 
the energy in a three-phase system with four conductors. 
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Behaviour of Three-phase Three-wire Induction Meters on Inductive 
Loads. — Before proceeding to the descriptions of the polyphase meters (for 
unbalanced loads only) included in this chapter, a few general remarks may 
prove of interest in connection with the behaviour of a three-phase three-wire 
meter when the load is inductive and equally distributed between the phases. 
In this case, as already explained, the mean power is given by the equation 

P = VjCi cos {4> - 30") -I- V^Ci cos {4> + 30-). 

The driving torque D^ of the one motor element of the polyphase meter 
is proportional to VjCi cos {<f> - 30*), and the driving toi-que Dg of the second 
motor element is proportional to V^Cj cos (4> + 30"), the total torque beiii^ 
proportional to their algebraic sum. 


When </) = 0, then D^ocV^Oi. 


'^^, OgOcViC,. ' (? , and the speed of the 


meter is proportional to JS.Vfi^ , i,e. the true power. 

When <^ = 30', then DjOcV^Cj , DgOC VjCi J , and the speed of the meter is 

proportional to fV^Cj, i.e. ^3. VjCj cos 30", which is the true power when 
the angle of lag is 30\ 
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/3 
When ^ = 60**, then D^ocVjCj ^, 1)2 = , and the speed of the meter is 

proportional to Vj.Ci. ^ = JS.Y-iC^ cos 60°. 

V C V c 

When <^ = 90°, then DjOC— |- J , DgOC- -^- J , and the meter speed is pro- 

^ it 

(V C V c \ 
— 1-i - -1- J ) = , i.e. the meter stops, the power heing zero, or 

^S-VjCj COB 90*, as in this case the current and pressure are in quadrature. 

V C V C 

When ^=-90**, then DiOC-_i-i, DgOC J ^, and the same result is 

obtained as when <^ « + 90'. 

When <^= -60", thenDj = 0, and I)2^^i-^i 9- > *^^ ^^® meter speed is 

proportional to ^S.V^Ci cos ( - 60°) which is the same as ^ZN^^ cos 60*. 

Finally, when ^= -30', the same ultimate result is obtained as when 
^= +30°, but Dj is now proportional to iVjC, and Dj to V^Cj. 

Condition for Use of one Single-phase uiauction Meter.— It has already 
been shown that when the three-phase three-wire system is perfectly balanced, 
and no displacement exists between the current and the pressure, one single- 
phase induction meter suffices for the measurement of the energy, but in no 
other case. 

It must be remembered that unless the integrating mechanism is specially 
geared, its indications must be multiplied by the factor 2. 

If, however, the current and pressure be not in phase, although the three 
branches may be in perfect balance, then it is incorrect to use a single-phase 
meter in this manner. This is easily shown as follows. The meter reads 
either • 

2 /^VjCi cos (<^ - 30*)rf^ , or 2 / V^Ci cos (^ + 30*)'/< . Now the true energy is 

T, T, 

T, T2 

/ \/3.VjCi cos ^t . Hence, when the meter reads 2 1 VjC, cos (</> - 30')^?^ , its 
indications will be too high, since 

2 / ViCj cos (^ - 30°)J/ = JViCj ^3.cos <^t -f- JViCi sin Mi , 

T| T| T, 

and when it reads 2 / VjCj cos (<^ + TSfyU , the meter will be under-registering. 

T, 

If ,^ = 30*, then in the fonner case the meter reads 33 J per cent, high, 
and in the latter 33 J per cent. low. When <^ = 60*, the meter reads either 
100 per cent, high, or it stops, and when <^ = 90°, in which case the power 
absorbed is zero, the meter indicates as though its speed were approximately 
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proportional to '58 times the true three-phase power when the load contains 
neither self-induction nor capacity, or it revolves at this rate in the reverse 
direction. 

Effect of Wrongly Connectiiig a Three-phase Three-wire Meter. — It has 
already been shown that a three-phase three-wire meter is, in general, con- 
nected to the circuit on the two-wattmeter method of connection. The 
instrument is usually provided with six terminals, which are divided into two 
sets, one for each of the two single-phase motor elements comprising the 
meter. Each set has generally one shunt terminal and two main current 
terminals, of which the one is for the supply and the other for the load. 
When the meter has been properly installed its disc will revolve in the 
correct direction, which is indicated by an arrow on the meter cover, and it 
will function correctly. The inference must not, however, be drawn that 
the correct direction of rotation of the disc is in itself a sufficient guarantee 
that the indications of the meter will be correct. It is, in fact, quite possible 
to so connect the meter that the disc will be revolving as shown by the 
arrow, but it will be registering quite wrongly. It must be remembered that 
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a definite relationship exists between the different connections, and that the 
meter will only function in a proper manner when this relationship is 
observed. In actual practice it often happens that the person installing a 
three-phase three- wire meter knows nothing definite as to the phase conditions 
of the three supply mains, and has no information of the power factor of the 
load. It is then quite possible for him to easily make an error in the connec- 
tions, especially the shunt connections ; and although he may, on closing the 
circuit, obtain a correct direction of revolution of the disc, the meter in all 
probability will be registering either too high or too low. 

The two-wattmeter method of connection may be carried out in three 
different ways, as illustrated diagrammatically in Figs. 185 to 187. The 
result obtained is, however, exactly the same in each case. In all these 
diagrams P^ and P.^ represent the two motor elements of the meter, and for 
the sake of clearness P^ and P.^ may be regarded as two distinct single-phase 
induction meters. The letters v and c denote respectively the instantaneous 
values of the pressures between the supply mains and the currents in those 
mains. M| is the supply terminal, L^ is the corresponding terminal to the 
load, and S^ is the shunt terminal of the meter Pj , the letters M^ , etc. having 
the same significations for the meter Pj. 
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lief erring to Fig. 185, the series circuit of the meter P^ is placed in the 
supply main No. 1, whereas that of the meter Pg is placed in main No. 2, and 
the shunt connections have in this case- to be brought from the two shunt 
terminals S^ and S., to the third supply main No. 3. The instantaneous value 
of the power is 

When the system is perfectly balanced, the mean pow^er has been shown to 
be given by 

P = Vj. Cj. cos {4> - 30'') + Vj.Ci. cos (^ + 30'*), 

Vj and C, being the R.M.S. values respectively of the P.D. between any 
two of the supply mains and the current in any one of these mains, cos ^ 
denoting the power factor of the load. The one meter P^ revolves at a rate 
proportional to V,Ci cos {4> - 30'), and the second meter Pg rotates at a 
speed proportional to VpCj. cos (^ + 30°), their algebraic sum being pro- 
portional to the true power, i.e. ^3. Vj. Cj. cos </>. 

Pi Pz 
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Instead, however, of placing the series circuits of the two meters in the 
mains 1 and 2, they may be placed in the mains 2 and 3, as shown in the 
diagram Fig. 186, when the shunt terminals have to be connected to main 1. 

The mean value of the power is now given by 

and the two meters indicate in exactly the same manner as in the previous 
case. Pj will be proportional, as before, to Vj-Cj. cos (^-30") and Pg to 
Vj.Ci. cos (</) + 30"). It may be pointed out here that the two meters would 
function correctly if Pj , instead of being connected as a single-phase meter to 
mains 1 and 2, were connected as Po is, and the corresponding change be also 
made as regards Pg. The sum of their readings would indicate the truQ 
three-phase energy, but in all probability they both would rotate in the 
opposite direction, as Pj would now be proportional to Vj.Ci. cos {4> + 30*), 
and Pj would be proportional to V^.Cj. cos (<^ - 30*). 

The third method of connection is shown in diagram Fig. 187, and the 
instantaneous value of the power is 

Pj is again proportional to Vj.Cj. cos (^-30") and Pg to Vi.Ci. cos (<^-|-30*). 
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It will be observed from the above that the two series circuits of the 
polyphase meter may be placed in any two of the three supply niuins, but that 
the free ends of the two pressure circuits (t.e. the shunt terminals) must be 
connected to that main which does not pass through the meter. 

It seems advisable to first connect the shunt terminals of the meter to any 
one of the three s\ipply mains, then to bring the remaining supply mains into 
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the two supply terminals (in the diagrams marked Mi and Mg), and complete 
the connections on the load side of the meter. If the meter revolve in the 
wrong direction on closing the circuit, it is only necessary to disconnect the 
two supply mains entering the meter (at M^ and Mg) and to hiterchange 
them, when the meter will rotate as indicated by the arrow on its cover, and 
will function correctly. The terminals of the meter should be lettered in 
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Fig. 188. 


some distinctive mamicr, especially those for the shunt connections, and, 
further, the three supply mains should always be furnished with some 
distinguishing mark. 

In Fig. 188 is shown diagrammatically a three-phase three-wire meter 
improperly connected to the system. The series circuits of P^ and Po are placed 
in the mains I and 2, as in Fig. 185, but one of the pressure circuits is wrongly 
connected. S^ should be joined to main No. 3 ; Sg is properly connected. 
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The meter will, generally, read incorrectly. Assuming a balanced system, 
some interesting results may be established. If the currents and pressures 
be exactly in phase, i.e, cos ^=1, the meter will read correctly. A very 
slight deviation, however, from unity power factor will cause a very large 
error, and this should be borne in mind, u^ in actual practice exact coincidence 
in phase between the current and the pressure is never realised. Even when 
the load consists entirely of incandescent lamps, the power factor is not 
exactly unity, and the above result only holds when it is absolutely so. 

If the power factor be '866, i.e. = 30*, the meter in this case will read 
33^ per cent, low, whereas with a power factor of '5, i.e. = 60', the meter 
will stop, the true power being, however, JZ.YyQy cos 60*, i.e. \ J^N^Oy 
For power factors less than '5 the meter reverses, and when the current and 
pressure are in quadrature, i.e. the true power is JZ.NyQ^ cos 90* = 0, it 
continues rotating in the reverse direction and at a speed approximately pro- 
portional to '58 times the three-phase power when the power factor is unity. 
On the other hand, if the meter be wrongly connected, as indicated in Fig, 
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189, it will generally read high, except for a unity power factor, when it will 
register correctly as in the former case. When the power factor is '866 
(^ s" 30*) it will be 33 J per cent, high, and when the power factor is -5 it will 
read 100 per cent. high. As the power factor decreases from this value the error 
will also grow less, and when the power factor has fallen to zero, i.e. <^ = 90*, 
the meter, still rotating in the same direction, will have a speed approximately 
proportional to '58 times the power when the power factor is unity. 

Other incorrect methods of connection will readily suggest themselves to 
the reader, who will be easily able to determine the degree of inaccuracy 
( 4- or - ) for different power factors from the equations and principles given 
in Chapter VII. 

It may be as well to emphasise the fact that, when the system is 
imbalanced, the polyphase meter wrongly connected will always give incorrect 
results. 

With some polyphase meters special connections have to be employed, 
more particularly with three-phase four-wire meters. In such cases it is 
essential to know exactly the order in which the supply mains are to be taken, 
and in a four-wire system, which is the fourth or neutral conductor. In 
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practice, the correct sequence of the three supply mains is tested by the 
employment of a three-phase rotary field direction indicator, such as that 
manufactured by the Siemens-Schuckert Werke, Berlin. The fourth or 
neutral conductor of a three-phase four-wire system is easily determined by 
means of a voltmeter. 

In installing meters for single-phase or polyphase circuits with transformers 
(current, pressure, or both), care should be taken to ascertain whether the 
transformer will introduce any modifications in the connections to the meter. 
With single-phase meters this is not of very great importance, as the correct 
direction of rotation of the meter disc means the proper working of the meter. 
Consequently if, after connecting with the transformer or transformers, the 



Fig. 190. 


direction be wrong, it is easily rectified by altering the meter connections. 
This, in the case of polyphase meters, only holds when the primaries of the 
transformers have been properly connected to the three supply mains, and the 
two sides of the meter have been correctly joined to the secondaries of the 
right transformers. 

The reason for the modification introduced by the transformer is that in 
some designs the currents in the primary and secondary circuits of the 
transformer are at every moment reversed relatively to one another, and 
this may afffect the connections to the meter. 

Aron Polyphase Meters. — The earliest Aron clock meters for three-phase 
three-wire circuits were based on the equation 

the letters denoting the instantaneous values of the currents in the three 
supply mains and the pressures between them. Six main current and three 
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pressure coils were consequently required, resiiltiiif; in a very complicated 
instrument. This method was, however, rery quickly abandoned and a 
new one developed, which forms the basis of all polyphase three-wire meters 
on the two-wattmeter method, the equation for the intitantaneouH power 
becoming 

the proo( of which was given on page 120. 

lu Fig. 190 is given a diagrammatic sketch of the Aron threc-phaiie three- 
wire meter. M, and Mj denote the stationary luaia current coils, and S, and 
Sj are the pressure coils carried on the two pendulums, S, and M, operating 
together and also Sj and M^. K, and B^ are suitable resistances m the two 
pressure circuite, and (, , (j , 'g represent three flexible spiral connections bj 
means of which the pressure currents are conducted to and from the 
swinging volt coils. 

Dr Aron waa not only the fintt to construct three-phase three-wire meters, 
indicating the general method to be adopted, but also established the formula 
for the construction of three-phase meters tor systems with four conductors. 

Mo 
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and designed clock and motor meters for this purpose. The instantaneous 
value of the power for a three-phase four-wire system (Fig. 191), as shown on 
pe^e 128, is 

This equation reduces to 

l^ = '■](■;, -'■j,) + Vs-'^s). 
which may be written 

p = Vjfi + v^i-<^{fi + '\) .... (i). 

In Fig. 192 is shown diagraumiatically the arrangement of the main 
current and prettsure coils of an Aron clock metor based on equation (t). S, 
and S, are the shunt coils on the two pendulums, arranged in such a manner 
that the current r.j in the coil A acts on the pendulum carrying the shunt coil 
Sj, energised by a current proportional to «, . The current c^ in the coil B 
acts on the volt coil Sj of tJie second pendulum conneetod across M^ and Mg. 
The central coil C carries the current Cj in the main Mg and acts on both tiie 
pendulum coils. As it is necessary to retard one pendulum and accelerate 
the other, the two shunt coils are so connected that they always produce 
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opposite polarities relatively to one another ; while the ciirreiite in the coils 
A and B circulate in the same direction, that in coil C flows in the opposite 
direction. The above equation (i) requircM that the current coils should bo 
so arranged that they affect the pendulums equally. This ia, however, 


often a matter of inconvenience on account of limitationij of apace, . 
different arrangement can be used. 

Equation (i), as shown on page 130, can be transformed into 
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Eqiiation (iii) Bhows that the middle coil can be placed at a greater distance 
from the two pendulums than the other two ; it also carricfi the current in the 


fourth conductor Mu, and uiunt l>e iidjiiKted ho that its uffeut is ouly equal to 
irtie-third of the ourrent in the neutral conductor M^. The connections of the 
coiIh arc also quite different from tlie fonuor cattc, and arc shown iu Fig. 193 j 
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it will also be seen that the prossureti used are now uot thutw between the 
uuiiiiH aud the fourth conductor. 

A complete three-phase four-wire Aron meter ia illustrated in Fig. 194, 
and is based on equation (i). 

The Bat Polyphase Metav.— The Bat two-phase, or throc-phase, three- 
wire meter is illustrated in Fig. 195, which shows the arrangement of the 
various parts. It consiste of two single-phase motor-meter elements, each of 
which is similar to that used in the single-phase type, and both these driving 
systcma act upon the same disc. A separate brake disc mounted on the 
lower part of the axle is used, and it 
revolves between the poles of two per- 
manent nu^rneta. 

The method of connection is the 
ordinary two- wattmeter one, as will be 
seen from the illustration. The driving 
torque exerted on the armature disc by 
each motor element should be the same 
for the same toiad. The adjustment is 
made by lowering or raising the iron 
plate E,, Fig. 195, by means of the screw 
V, until the torque exerted by the part A 
is equal to tliat produced by B, each side 
being tested on the same load as a single- 
phase meter. When the disc li^ is lowered 
the torque of A will be incroaaed. 

It is important to bear in mind that, 
whichever motor part (A or B) is being 
tested, the shunt coils of the two motor 
systems must always be energised, other- 
wise errors will be introduced. The reason 
is that the one ahnnt system acta as a 
brake to the other ; and unless both the 
shunb) be eiiergiaed in testing the mctor, 
it will read low when connected to a 
three-phase installation. This applies to 
any three-phase met«r of this type. 

The Bat Meter Company also supply a p^^ l^^ 

special three-phase four-wire meter. The 
general construction of the meter will be 

followed from the front view of the inatrumeut given in Fig. 196. Two pairs 
uf main current and two pairs of ahimt coila operate on the top armature 
disc, producing two driving systems very similar to those used in the three- 
phase three-wire meter, the difference being as regards the connections of the 
coils and their effect on the disc. 

The principle of the meter is based on the equation 

f- ",(',- 'J +'■.(«.-«,), 

the letters denoting instantaneous values, and the proof of the equatio 


given on page 130. The method of connection is shown diagrammatically in 
Fig. 197. 

M, and Mj are the two main current, and S, the ahmit, coils of the one 
motor system which act t^^ether'on the disc, and M^, M, , and S, are the 
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cx)rre8ponding coils of the second motor element. M^ is placed in main No. 1, 
Mj and M, are connected together in series and placed in main No. 2, 
and M^ is in main 3, the shunt coils S, and Sj being connected between the 
fourth or neutral wire and the mains 1 and 3 respectively. The meter will 
give the total three-phase energy, however unbalanced the circuits may be. 

The Electrical Company's Three-phase Meter. — The three-phase meter 
for three-wire circuits of the Electrical Company, Ltd., London, possesses the 
characteristic feature of having only one pressure circuit in contrast to the two 

I 1 pressure circuits of most poly- 

JmmJiJLmi VWM »— — ^— ^f— — phase meters with the two-watt- 
meter method of connection. lu 
this manner the shiuit loss is 
kept small, the constnictiou of 
the meter is simplified, and the 
troubles due to rupture of the 
tine wire of the pressure circuit 
are minimised. The result K> 
obtained by assuming that the 
three tensions of the system 
are always equal to one another. 
It will be followed by reference 
to Fig. 198, which represent** 
a diagram of connections of the 
meter, and to the vector diagram in Fig. 199. M^ and M, are the two 
main current coils of the meter, and S^ and So are the shunt coils pro- 
ducing respectively with M^ and M, the rotary fields which drive the disc ; I is 
the impedance coil. With the connections as shown the pressure used is v\. 
The pressure current c'.^ is displaced 30* with reference to the phase of v^ and 
operates with the current in Mg. It will be seen from Fig. 199 that the 
flux due to c'g in Sg is at right angles to fg » '•^* to the flux produced by the 
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current in the main coil Mg when the load is non-inductive. The pressure 
current e\ is split into two portions by means of the non-inductive resistance R 
in parallel with the coil Sj , so that the pressure current c\ in this coil operating 
with M^ is at right angles to r, , and the shunt and main current fluxes are 
again displaced by a quarter period when the load is an inductionless one, the 
other component of the shunt current c\ in the non-inductive resistance being 
in phase with Vj. The total torque on the disc is thus proportional to the 
true power absorbed. The meter, with the cover removed, is shown in Fig. 
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200. The coiiutruction of each motor element in very similar to that cmploj«d 
ill the aiugle-phase meter, type K.J, (see page 135). One choking coil is 
used, and a secondary winding is wound oti the cetitraJ limb of the right-hand 
magnet. The conductivity of this wiudiug in adjusted by means of the 
sliding contact, clearly shown in the illustration, in obtaining the requisite 
phase relationships, together with the non-inductive resistance on the left of 
the meter spindle. The same disc is operated upon by both motor elements 
and acts as the brake disc, revolving between the poles of a permanent magnet. 
Three-phase A.C.T. Meter.— This meter of the Compagnic pour la 


Fabrication dea Compt«urs, Paris, consists of a combination of two of their 
A.C'.T. single-phase meters driving a single disc, the work done l)eing 
absorbed by the brake magnet. Each meter system consists of a pressure uoil 
and two main current coils, the latter l)eiug in parallel with one another, and 
wouud in opposite senses. The iguartcr-phosc displacement between the shunt 
and series fluxes is obtained with each system, when the load is a non-indnetive 
oiic, by means of the adjustable resisbmce in senes with one of the main 
current windings, in exactly the same maimer as for the A.C.T. meter 
described in Chapter VIII, The other adjustments are also similar. 

The Deatscli-BuBsische Three-phase Meter. — The three-phase meter of 
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the l>t;utHcli>UuHt<iHi;hc Elcctrieitatszithlcr-lTCHulltiuliaft, Uuriuaiiy, uonststH uf 
two of their aingle-phaw,' iiiduction meters, type WJ., described on page 145. 
The two metertt sro uioiiiitcd together on one common base, as will be seen 
from the illustration given in Fig. 201, and the aiini of the reatlingH of the 
two comiterM gives the t«tal three-phase energy consumption. With this 
arniiigemcnt the state of balance of the phases of the system can be readily 
determined, and the two meter readings will be exactly the same when the 
three-phase system is perfectly balanced and the power factor ia unity. 

Fort Wayne Polyphase Ueter. — The polyphase induction meter of the 

Fort Wayne Electric Works, Fort Wayne, Indiana, U.S.A., consistu of two of 

their type K induction motor-meter elements operating upon one aluminium 

cylinder, the speed of which is controlled in the usual manner by two 

adjustably moinited vertical 

permanent magnets. The 

general arraiigcuieiit is very 

clearly shown in the view 

given iu Fig. 202 of the 

switchboard meter, and the 

connections are niadc on 

the ordinary two- wattmeter 

- method. 

Two sets of series coils, 
one in each side of a two- 
phase fonr-wire or two- or 
three-phase three- wire circuit, 
are mounted on arms screwed 
to the lower brackets, and 
together with the shimt ooils 
produce the total driving 
toRine on the cylinder. The 
impedance coils used in each 
pressure circuit are situated 
at the bottom of the instru 
nieiit. The adjustments for 
each motor system are made 
in exactly the same manner 
as in the single-phase meter, 
typo K, described on page 
162, 

SiemenB-Sctauckert Polyphase Meters.— The yieniens-Schuckert Werke 
manufacture two types of three-phaae nietors for une<[ually loaded three-phase 
three-wire systems. Their U.D. type, Fig. 203, is simply a combination of 
two of their single-phase meters, a dexcription of which has l)een given on 
page 141. The revolving element is composed of an aile, on which are 
mounted two aluminium drums, an aluminium brake disc, and a worm to con- 
vey the rotations of the spindle to a counting train. The work done by the 
two induction motors is absorbed by the brake disc, rotating between the 
l)oles of a permanent magnet. The dnnn of each induction motor is driven 
by the rotary magnetic field, pnnluceil by the two main current coils, and the 
two pressure eoit^, which are wound i>u the four {tolaK of the motor frame. 
The 90° phase displacement, between the shunt and series fluxes of each meter 
system, when the load is non-inductive, is prodrieed in exactly the same 
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as iu the curreitponding smglc-phasc type. Denoting tbe tliree-phaise 
mains in order by the nuoibeis 1, 3, aiid 2, the main current coils of the one 
motor are traversed in series by the current in main 1, and those of the 
second motor by the current in main 2. The pressure coils of the iirst motor 
are then placed in series acrouB the three-phase wires 1 and 3, and the rcuiaiii- 
iug proasiire coils are connected in series between the branches 2 and 3. The 
same method of trembling support of the moving system is used as in the case 
of the single-phase meter. 

Fig. 204 is a general view of the SiemenB-Schiickert three-phase nictfir, 
type F.U., and in Figs. 206-208 are given the details of its constituent 

Two aluminium discs mumited on the same axle comprise the armature uf 


tlie meter. Each disc is aeted upon by two main current coils, and cither one 
or two shunt coils, according to the pressure, each shunt coil being wound on 
one of the vertical limbs of a laminated iron magnet, iu the air-gap of which 
the disc rotates. The main current coils of the first disc are cotniected in 
series and are traversed by the current in the main 1 of the three-phase 
syatem. The one main current coil of the secoiid disc carries the current in 
main 3, and the other has flowing iu it the current in main 3. The two (or 
four shunt) coils arc coupled t<^ether in star with an impedance coil, and 
their free ends are coiuiectcd to the three sides of the three-phase network. 
The method of connection is illustrated diagrammatical ly iu Fig. 205. Tlie 
two main current coils, connected in scries, of the upper disc, are represented 
by Mj + Mj , and they operate with the shunt coil or coils S,. M^ and M^ 
denote the two remaining current coils, which, iu conjunction with the shunt 
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coil or ixiils S^ , drive tbe lower disc. I is the impedaiiuc coil, in star with S, 
The equation upon which the meter is based, viz. 

has been explained in Chapter VII., on p^e 138. Each of the two diai'A 


further, rotates between the poles of a pennanent magnet, which iudticcs the 
retarding eddy currents. 

Three aluminium castings are used to i^upport the different clemenU of 
the meter. These consist of the circular base (1^'ig- 304), on which the whole 
meter is mounted, the E-shaped bracket (Fig, 206), which serves to carry the 
revolving element, and the shinit and series systems, and finally the front 
frame, to which iirc attached the integrating train and brake magnets, as 
shown in Kig. 20-1. The revolving clement consists of two aluminium discs, 
which are ribbed to increase their rigidity, and are attached to the common 
spindle by means of brass hutm, the one near the top and the other at the 
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M clearly shown in Fig. 20f 

r—m^ 1 


lower end. A small fan to balance the moving system is carried on the spindle 

ill addition to the two discs and the brafis driving wonu. Tho revolving 

clement, with the lower disc 
The electrical details 

of the series and shunt 

systems are given in Fig. _ ,4 ^yw^ 

■207. Two views of a main 

current coil are shown at 

h, very clearly illuatrat- 

ing the method employed 

in fixing the same, and 

the construction of the 

laminated rectangular 

shunt magnet S, will be 

understood by reference 

to its parts a, b, and e. "«. ^"o. 

A shunt coil is also shown ' 

below the magnet at D. The series coils are oblong in shape and are mounted 

one on each side of the shunt magnet (Fig. 206). The bolts securing them 
to the E-shapcd bracket pass 
:^ through slots in the latter, 
so that the position of the 
coils can be altered for ad- 
justing the instrument. The 
impedance coil is constructed 
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shunt magnets, and is fixed 
to the base of the meter. 

A very easy and sensitive 
adjustment for compensating 
. for friction on light loads is 

[ obtained by the use of a 

Small iron bolt, shown on the 
right in Fig. 208, above the 
upper aluminium disc. This 
bolt, or starting screw, is in- 
serted in either the right- or 
left-hand hole in the top 
ledge of the E-shaped bracket. 
According to its position, 
in which it is secured by 
a lock-nut, it produces a 
rotation either to the left 
or to tho right. The sup- 
plemental torque exerted in 
this maimer results from the 
'''<'■ 20«- attraction between the iron 

bolt and the eddies induced 
in the disc by the shunt magnet, and its magnitude depends on the height 
of the bolt above the disc. The difFerencc in phase between the shunt 
and series fluxes of each system is adjusted by means of non-inductive 
resistances connected to the shimt coils, and the speed of the meter at the high 
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loade can be varied hj moving the damping magnete, which are adjustably 
mounted relatively to the dines for tiiis purpose. The driving torque can, if 
required, be also eliauged, as each main ciirreut coil admits of lateral diBpIace- 
ment, as already explained. 

l^omson Polyphase IndnctioD Ueter. — The general arraugemcut of the 
Thomson polyphase watt-hour meter of the British Thomson- Houston 
Company, Rugby, and the General Electric Company, Schenectady, U.S.A., 
suitable for balanced and unbalanced two-phase or tbree-phaae three-wire 
circuits, will be understood from the illustration of the Switchboard type in Fig. 
209. The revolving disc is driven by two electrical systems, each of which 
consists of ft potential coil carried on a laminated iron magnet, and two series 
coils without iron, arranged on cither side of the shunt magnet and belniv the 


disc, the potential coil being above the latter. Each shunt or potential 
ooil is in series with an impedance coil. The retarding torque is obtained 
from two magnets, each magnet belonging to its particular electrical system. 
The light load adjustment consists in slightly displacing the potentisJ coils 
above the disc, and is made with the current flowing in one set of main coils 
only, that is, treating the instrument as a single-phase meter, nuuiing on 
about j'n non-inductive load ; ttoth pressure circuits must, however, be 
energised. If the meter niu slow the potential core must be moved 
iu a direction opposite to the direction of rotation of the diKC by means 
of two screws in the top i>f the support. This operation should be repeated 
for the other motor system to effect a satisfactory adjustment. 

A non-creeping device is used, and is simply a piece of iron wire attached 
to the hub of the disc. The wire stands parallel to the meter shaft and, if 
creeping should occur, is slightly inclined radially away from the shaft. 
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The Westillj^nBe Polypha«e Meter, for both balanced and uubalanued 
loads, consists simply of two Bingle-phase meters, that is, of two electro-mag- 
netic systems acting upon two discs, mounted on a comiiiou shaft, eacli disc 
hnviiig ita own magnet. The method of connection is on the arnnc principle 
as that used in the ordinary two-wattmeter method of nicaisuring power in 


a polyphase circuit, the total toi^que exerted on the meter shaft being an 
algebraic unm of the torques on the two discs, as the total power would be 
the sum of the two wattmeters. The common spindle drives* a single inte- 
grating train, which registers direct the total enei^y supplied to the polj'phase 
aystem and at all power factors. The current capacity marked on the dial 
of the meter is the current in each wire of the polyphase system, and the 
voltage is that across one pliaae. 

Fig. 210 is a diagrammatic sketch of a polyphase meter connected to a 
three-phase system for the case in which both current and pressure trans- 
formers are used. For a two-pha.se circuit the connections are similar, the 
top connections going to one phase and the bottom connections to the other 
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phaae. The fiill load speod is tlie same as in the single-phase type, namely. 


Pio. 209. 
fifty revolutions per minute, and in the rate of rotation of the shaft when 
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the watts on each circuit of the meter are equal to the rated i 
to tlie product of the ainperea and volts nmrked on the dial. 


CHAPTER X. 
Tariff Systems. 

General — Flat Bate Systems with and without Discounts— The Manchester System — ^The 
Maximum Demand System— The Step-tariff System— The Halle Tariff System — ^The 
Two-rate System— The Prepayment System— The Hour Meter System — List of Papers 
on Systems of Charging. 

General. — Great divereity of opinion exists in connection with electricity 
tarification, not only in this country but abroad. Numerous papers on 
systems of charging have appeared within recent years, and a list, by no 
means exhaiLstive, is appended in the interest of those desirous of further 
information on this important and complex subject, as it is only intended to 
give here in outline a few of the tariff systems in vogue as an introduction 
to the chapters on tariff and prepayment meters. 

The cost of the generation and supply of electricity differs from that 
incident to the production and distribution of most commodities, because it 
cannot, in the present state of the electrical industry, be readily and economi- 
cally stored, but has to be produced as it is required. The capacity of both 
the plant in the station and of the mains must be sufficient to meet the 
maximum possible demand which can be made at any time on the electricity 
undertaking by the various classes of consumej^ supplied, irrespective of the 
fact that the average load is considerably below this amount. Moreover, the 
supply station must always be in a state of readiness to deliver current when- 
ever a supply is demanded, and whatever its magnitude. The price chargeable 
to a consumer is, therefore, not entirely governed by the quantity of units 
consumed, but depends to a large extent on the rate, the time, and the duration 
of the supply. 

Dr John Hopkiuson was the first to explain the principles underlying 
the cost of electricity supply, and to show that it may be divided into two 
classes — 

(1) The cost incurred in preparing to supply (inclusive of the annual 

charges on capital outlay). 

(2) The cost of maintaining the supply. 

These two items of expenditure have been very appropriately termed 
" Preparation and Production Costs," respectively, by Mr Arthur Wright.* 

The preparation costs, which are the heavier of the two, are independent 
of the actual output of the station at any time, whereas the production costs 
vary directly with the amount of electrical energy which is generated. In 
his presidential address to the Junior Engineering Society on 4th November 

• " Some Principles underlying the Profitable Sale of Electricity," Journal of the Lislitu- 
tioti of Electrical EngitieerSf 1902, ]iart 155, vol. xxxi. 
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1892, Dr Hopkinson formulated the maxim that there should l)e proportion- 
ality of charge to cost of supply, or, as he stated it, "the charge for a 
service rendered should bear some relation to the cost of rendering it." 

The special tariff systems which have been introduced are all more or 
less baaed on the Hopkinson doctrine, but differ in the methods by which it 
is carried out in practice. The object aimed at is the ultimate use of electri- 
city throughout the twenty-four hours of the day, whether for motive power, 
illiuninating, heating, or other domestic purposes, and the equitable treatment 
of all consumers, irrespective of their demands and their use of the electric 
current, consistent with a profit comparable with that of other undertakings 
having the same risks. 

Some consumers, from the nature and duration of their demand for current, 
are more profitable to the supply station than others, and it is generally 
endeavoured to give them every encouragement. On the other hand, no custom 
can very well be refused, in face of the keen competition with gas and 
hydraulic power companies, and that which exists amongst rival electricity 
undertakings. Electricity supply is as important and essential as a gas or 
water supply. With reference to those consumers who take current for lighting 
only, a large difference exists between the long-hour consumer and the short- 
hour consumer. The cost of supplying electrical energy to the former is leas 
than that of supplying the short-hour consumer, on account of the preparation 
costs being so very much heavier in the case of the short-hour consumer, as 
he makes excessive demands on the station for relatively very short periods 
only, whereas the long-hour consumer's demand is at a much smaller rate, but 
is steadily maintained over long periods. The long-hour consumer is, therefore, 
a source of greater profit to the supply company than the short-hour user, 
although the latter's actual consumption may be very much greater. In 
addition to the above two classes of lighting consumers, there is the consumer 
who takes current during the day for power, heating, or cooking, or basement 
lighting. A considerably reduced price is made to such a consumer for a day 
supply of current. The total annual output of a station -is largely increased 
by such day loads, and, consequently, the average cost per unit during the 
year is considerably diminished, so that a large reduction can be made. This 
large difference between the price for current for power and that for lighting 
is only justifiable on the ground that the demand for power is sufficiently 
large, and does not take place when current is used for illuminating purposes, 
i.e. is not coincident with the lighting peak hours. In winter, and when 
factories and other industrial establishments are working overtime, the demand 
for power and that for light will overlap, and no distinction should then be 
made between the two currents. When the current is used at this time, 
whether for motive power, lighting, or any other class of work whatever, the 
charge should be on the same basis as that obtahiing for lighting only. In 
other words, no difference can be drawn between two currents of electricity 
with reference to the nature of the work they perform, but only as regards 
the time of day when they are used in relation to the cost of production. 

Flat Rate Systems, with and without Discounts. — With a flat rate, or 
uniform tariff, one charge per unit is made. The advantage of this method 
of charging is, that it is readily underst<x)d by the public, and entails a 
minimum of clerical work in estimating the accounts. It gives, however, no 
encouragement to the general use of electricity during the day, nor does it 
offer any inducement to the long-hour consumer to continue his custom. 
Flat scales are in use in several small undertakings, but in the majority of 
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the large towns mixed systems are em])l()yed. In many instances discounts 
are given based on the quantity of electricity supplied, independent of the time 
and rate of demand. It is quite impossible, with advantage to the supply 
station, for consumers to be treated equitably on such a basis, as the cost of 
supply depends more on the rate of supply than on^the total quantity 
delivered, although it is made up of both these factors. A user who, per 
quarter, six months, or year, takes the same total number of units as another, 
but at a considerably higher rate, makes a much heavier demand on the 
station and uses current for a shorter number of hours. He, therefore, 
costs more to supply, and his share towards defraying the expenses should 
be proportionately large. 

The Manchester System. — This system of charging was introduced 
by Dr John Hopkinson, and consisted in making a fixed charge per quarter, 
proportioned to the greatest rate of supply the consumer would ever take, 
and a charge by meter for the actual units consumed. According to the 
Electrical Review^s list of electricity supply works of the United Kingdom, 
14th July 1905, a mixed maximum demand and sliding scale system is now 
in vogue. 

The Maylmnm Demand System. — The maximum demand system was 
initiated at Brighton by Mr Arthur Wright, and is known as the * Wright ' 
maximum demand, or the 'Brighton,* system of charging. It is in use in 
many other supply stations, in a large number of which, however, it is not 
used exclusively. The principle of the method is that laid down by Dr 
Hopkinson, and consists in charging the consumer two prices, of which the 
one is dependent on the preparation costs, and the other on the production 
costs incurred by the station in supplying him. The preparation costs vary 
directly with his maximum demand, i.e. with his greatest rate of taking 
electrical energy during any time. For the purpose of ascertaining his 
demand, an instrument called a maximum demand indicator is placed in the 
main circuit with the meter proper, which registers in the ordinary manner 
the total units consumed. The Wright maximum demand indicator and 
other instruments of this class are described in Chapter XII. The demand 
indicator measures the maximum current taken by the installation. On the 
scale of the instrument, not only is this maximum current given, but the units 
consumed per quarter, or during any other period, are indicated on the 
assumption that the demand has been taken for one hour (or more) per day 
throughout the time chosen. On account of the time-lag, or sluggishness of 
action of these instruments, slight increases of current of very short duration 
or momentary short-circuit currents do not produce abnormal registrations. 

The charge on this system is best expressed in the form of an equation, as 
follows : — ' 

where C = total amount of bill for the quarter ; 
p^ = price per maximum demand unit ; 
1^2 = price per unit for those units in excess of the maximum demand 

units; 
D = total maximum demand units consumed during the quarter ; 
L = U-D;and 
U = total units consumed in the quarter, as registered by the meter 

proper. 

If K denote the maximum demand in kilowatts, n the number of hours per 
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day during which the raaximum demand is assumed to be used, then, taking a 
quai-ter of ninetv-one davts 

D = 91.».K. 

The maximum demand K in kilowatts is re^idilv estimated from the maximum 
c\irrent A given by the demand indicator. If V be the supply voltage, then 

1000 • 

As already mentioned, the demand imits D corresponding to the maximum 
currents A are directly obtainable from the demand indicator. At Brighton 
the charge per maximum demand unit is 8d., the duration of the demand per 
day is taken at one hour, and a low charge of only Id. per unit is made for 
all units consumed in excess of the demand units. Taking a consumption of 
1000 units in a quarter of ninety -one days, and assuming that the maximum 
demand fi'om the indicator is 6 kilowatts, the amoinit chargeable to the con- 
sumer is readily calculated. Losing the Brighton charges, then 

Pi = ^d. ; ;>i= Id. ; r* = 1 ; U = 1000 ; K - 6. 
So that D = 91xlx6 = 546 demand units. 

Also L = 1000 - 546 = 454 low price units. 

Now V = pjD -l-/^oL, 

C = 8 X 546 + 1 X 454 pence 
= £20, Is. lOd. 

The account will amount to £20, Is. lOd., or at a rate of 4*8 pence per unit 
approximately. By giving K different values, the effect of this system of 
charging and the encouragement it gives to the long-hour consumer will be at 
once appreciated. The great advantage of the * Wright ' method of charging, 
when applied to purely lighting circuits, is that it secures equitable treatment 
to all consumers and greatly improves the load factor of the station. When, 
however, the system of supply is for lighting and power, or other day loads, 
a pure maximum demand tariff is no longer applicable, the objection to it 
being that it does not discriminate between day and night loads, and, further, 
it does not take into account the actual duration of the demand. For purely 
lighting loads the first part of this objection no longer holds, as the maximum 
demands on lighting circuits occur very approximately at the same time. 

With reference to the utilisation of electrical energy for power, heating, 
or other domestic work during the day, Mr Wright * suggests the use of a 
Kapp two-rate meter system with a time-switch and a demand indicator, the 
.atter instrument being inserted during the evening peak loads only. This 
combination of the Kapp and Wright systems is in use at Brighton and in 
other towns. A disadvantage urged against the * Wright' method of 
charging is, that the average consumer experiences considerable difficidty in 
understanding it, and the attitude of the consumer cannot be ignored. This 
objection can, however, be raised, to a more or less extent, against any 
special tariff system which is not of the simple order of a uniform tariff, or a 
sliding scale based on the quantity of units consumed. 

The Step-tariff Syst^n. — A very interesting tariff system is the step- 

* " Some Principles underlying the Profitable Sale of Electricity," Journal of thf Insfi- 
intifni of ElectriccU Engineers, 1902, part 1.^5, vol. xzxi. 
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tariff introduced by Dr Kallnaanu, City Electrical Engineer of Berlin, to 
whom the author is indebted for the particulars of the same. The principle 
of the system is that a certain number of units must be consumed before a 
rebate is allowed. So far, it does not differ from the ordinary uniform tariff 
with discoimts, the distinction being, however, that it differentiates between 
the units consumed when the load is high and those when the load is rela- 
tively small. It takes into account not only the time at which the current 
is taken but also the duration of the demand; and the discount allowed 
depends on two factors — the duration and the degree of the load. For this 
purpose the consumer's load is divided into regions or steps. Taking a two- 
step-tariff system, the one region embraces the consumption when the load is 
light, below 33^ per cent, of the maximum possible load of the installation, 
and the second step includes the consumption due to all loads above this 
value. A watt-hour meter, giving the total miits consumed, is used in con- 
junction with a step-tariff instrument, which indicates separately those units 
which are consumed when the load has exceeded 33^ per cent, of the maxi- 
mum. When the load falls below this limit the step-tariff instrument 
automatically ceases to register. Such a step-tariff combination is illustrated 
and described in Chapter XII. 

Fig. 211 represents diagrammatically an average load curve of a station 
for the summer months, and Fig. 212 is a diagram of a similar curve for the 
winter months, the abscissae denoting the hours during the day, and the 
ordinates the percentage loads. Each curve, taking a two-step-tariff system 
with 33^ per cent, full load as the limiting load, is divided into two steps, 
the bottom region, I., in which are the loads below 33^ per cent, full load, and 
the top region, II., in which the loads exceed this vfidue ; further, the two 
steps arc differently shaded, so that the consumptions in each region will be 
readily observed. The method of determining the rebate will be best 
followed from an example. Taking an installation comprising 25-16 c.p. 
lamps at 100 volts pressure, the maximum current, allowing 60 watts per 
lamp, is 15 amperes, and the maximum load is 1*5 kilowatts. The step-tariff 
instrument is regulated to start registerhig the units at, say, 33^ per cent, of 
the maximum load, i.e, with 5 amperes in this example. Suppose that a 
rebate is allowed of 1 per cent, up to a maximum of 50 per cent, on each 
consumption in botji the top and the bottom regions, reckoned on a 20 hours' 
demand in each. This interval of 20 hours' demand will, therefore, correspond 
in the top region to 20 x 1 '5 "= 30 units, whereas in the bottom region it is 
one-third of this amount, i.e, 20xjxl*5 = 10 units. 

The consumer will, therefore, be given a rebate of 1 per cent, on the 
consumption for every 10 units taken in the bottom region and for every 30 
units in the top region. Taking a total aimual consumption of 900 units as 
given by the watt-hour meter, a price per unit of 7d., and assuming that the 
units consumed ia the top portion, as indicated by the step-tariff instnunent, 
are 400, then the units consiuned in the bottom region will be 500. The 
percentage discount is then (I.) in the bottom region ^^ = 50 per cent., and 
(II.) in the top region it is *^^ = 13 per cent, approximately. The cost of the 
total consumption of 900 imits at 7d. per unit is £26, 5s. The rebate 
allowable is in (I.) ^j^ x 500 x 7d. = £6, Qs. 2d., and in (II.) j\% x 400 x 7d. = 
<£1, 10s. 4d., the total rebate being £7, 19s. 6d. The amount of the bill is, 
therefore, £26, 5s., less £7, 19s. 6d., i.e. £18, 5s. 6d., and the average 
price per unit works out at 4*87 pence. The duration of the demand in the 
bottom region on this basis is 1000 hovurs, and in the top region is 266 hours. 
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The above example shows that a consumer who has used the major part of 
his curreut consumption at a low rate, and has in this manner kept his load 
steady over a long period, will obtain an equivalent rebate, which, further, 
allows him to occasionally bum all his lamps without unduly increasing the 
cost. An advantage of the system is, therefore, that the price for current for 
the whole consumption is not increased by the fact of the maximum current 
of the installation being reached once or twice, as only those units due to the 
heavy currents are reckoned at the high price per unit. A long-hour consumer 
in the bottom region, despite a relatively small consumption, will obtain his 
current at a low price per unit, and the electricity undertaking will make a 
fair profit, although the percentage discount appears abnormally high, because 
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the actual rebate expressed in £ s. d, is small, owing to the average load (up 
to one-third of the maximum) being small. The rate of discount, the step 
limits {i.e. 33 J per cent., or 40 per cent., etc.), and the duration of the demand 
(20 hours or more) must, of course, be decided upon by the station to suit the 
requirements of the case. 

The system practically amounts to the same thing as obtaining an 
average load curve of a consumer by means of a recording wattmeter, and 
dividing this load curve into a series of steps, or regions, and arranging the 
rebates on the consumption in each step in a manner analogous to that 
explained in the above example, the rate of discount decreasing as the load 
increases in steps towards the maximum. It may be as well to point out here 
that a difference should be made in the discounts in the summer and winter 
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months, as otherwise, referring to Fig. 211, the summer consumption would 
almost entirely be in step I., and too large a discount would be obtained. 

The 'Halle' Tariff System.— In the tariff system devised by A. Jung,* 
Engineer and Manager of the Municipal Electricity Works at Halle, on the 
Saale, Germany, an hour meter is used with a meter proper. The watt-hour 
meter registers in the ordinary manner the total units consumed, whereas the 
hour meter indicates only those hours during which the current is at least half 
of that corresponding to the maximum number of lamps, or horse-power, in 
regular daily use. The tariff is independent of the size of the installation and 
of the actual consumption, thus placing both large and small consumers on 
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the same footing. It is based entirely on the length of time of the consumer's 
use of current during the year. 

In the financial year (April 1 to March 31) a standard price per unit is 
made for those units which are consumed during a certain number of hours 
determined by the hour meter, whereas all other units in excess of this 
amount consumed in the same financial year are charged at a reduced rate. 

The charges at Halle are as follows : — 

1. For lighting, the price per unit is 60 pfennige (7*2 pence) for all units con- 
sumed during the first 300 hours given by the hour meter, whereas it is 
20 pfennige (2*4 pence) per unit for all units in excess of this amount. 

* The author takes this opportunity of expressing his indebtedness to Mr Jung for the 
details of his interesting tariff system. 
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IL For pofoer, heeding ^ and other tedinical puiyoses^ the price per unit 
during the first 300 hours given by the hour meter is 20 pfennigs 
(2*4 pence), and above this the rate is 10 pfennige (1*2 pence). 

In the above, 1 shilling (12 pence) is taken as the equivalent of 1 Mark 
(100 Pfennige). 

It may be of interest to state here that the power tariff applies to electric 
motors driving dynamos for lighting in comicction with — 

(a) a battery of accumulators of at least the same output as the dynamo 
during two hours ; 

(6) a power installation of at least the same output as the motor. 

The station supplies either direct current at 220 and 440 volts pressure, or 
three-phase currents at 220, 500, and 3000 volts,. and 50 cycles per second. 

In order to show the effect of the tariff for the different classes of 
consiuners, especially large and small consumers, the following tables have 
been prepared. For this purpose a few^ of the consiimers connected to the 
station have been taken at random, and their payments given for the financial 
year 1904 on the basis of the meter readings. 

A. Power Consuntei^e, 


Class of Consumer. 


H.P. 
Connected. 


Small 

Medium 

Larger 


1 

5 
25 


Annual 
Consumption 
in Kilowatt- 
hours. 


1,339 

3,852 

22,572 


Annual Amount 
Paid. 


Mark. 


£ 8, d. 


150 7 10 

426 21 6 

2523 126 3 


Average Annual 

Price per 
Rilowatt-houi'. 

Pfen- 
nige. 

Pence. 

11-2 
11-0 
11-2 

1-84 
1-32 
1-34 


B. Lighting Consumers, 


Class of Consumer. 

Number of 

Connections 

in 16 c. p. 

Lamjjs. 

Annual 
Consumption 
in Kilowatt- 
hours. 

Annual Amount 
Paid. 

Average Annual 

Price i>er 
Kilowatt- hour. 

Mark. 

£ 5. rf. 

Pfen- 
nige. 

Pence. 

«- Small 

o* Medium . 

M Larger 

6 

24 
300 

10 

67 

130 

242 
1,118 
7,604 

77-6 

376-0 

2433-0 

3 17 7 

18 16 

121 13 

32-0 
33-7 
32-0 

3-84 
4-04 
3-84 

3-46 a^ip. 
8-68 
3-40 app. 

1 i Small 

> 3 Medium . 

fS a i Larger 

416-2 
1,141-0 
1,742-0 

584-0 

4,893-8 

13,342 

119-5 
350-0 
494-0 

5 19 6 
17 10 
24 14 

6 8 3i 
58 19 

159 14 

28-8 
30-7 
28-3 

^Is Small . 
l-g Si Medium . 
W ^ ^ Larger 

6 

32 

165 

128-3 
1179-0 
3194-0 

22-0 
24-1 
24*0 

2-64 
2-89 
2*88 
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The above tables show very conclusively that with this tariff the small 
consumer is equitably treated with the large consiuuer. Mwreover, lioth for 
light and power, current is supplied from the Halle electricity works, on an 
average, 40 per cent, cheaper than from any other station in (lermany. 

The system has been so successful that despite the low prices charged, the 
station, in consequence of its rapid growth, obtained in the fourth year of its 
working a gross surplus of more than 9 per cent, of the total capital outlay 
for interest, depreciation, and other charges, after deducting direct working 
costs. The capital expended amounted to 4^ million marks, t.^. £212,500, 
and the number of connections in the fourth year was equivalent in round 
figures to 4500 kilowatts. 

In this system the consumer pays the high rate per unit during the 
financial year until the hour meter has registered 300 hours, when all units 
afterwards are charged at the low price. 

The hour meter is not set to the capacity of the installation, but in each 
installation the maximum number of lamps, or horse-powxr, in regular daily 
use is determined, and the hour meter is then set to half this amount. In 
other words, the hoiu* meter is so adjusted that it registers the hours during 
which the current has a value equal to (and naturally in excess of) that 
corresponding to half the maximum number of lamps, or horse-power, in 
regular daily use. 

Taking a house, for example, in which 60 lamps are installed and in which 
the maximum number in regular daily use is 6, the hour meter is set to 
register wnth 3 lamps, so that the consumer will reach the hours required 
with 3 lamps in use. He can, if he so desire, obtain his current at a 
relatively cheap price by keeping only 3 lamps burning during the 300 
hours. Afterwards, for the remainder of the financial year, he can bum moi*e 
or fewer than the 3 lamps, as he is then no longer bound to any number. 
The consumer has, therefore, only to watch the hour meter until he has 
reached the 300 hours. As the hour meter is in each case set to half the 
recurring maximum daily used by the consumer, each consumer will obtain 
current at a low price provided his yearly use of current extends for longer 
than the 300 hours. 

If a consumer does not reach the 300 hours during the financial year, he 
has to pay for all the units he consumes during this year at the high rate. A 
case of this sort rarely, or never, happens, as the 300 hours are feached by all 
the different classes of consumers. For instance, offices take current during 
the year for about 400 hours, shops for about 700 hours, hotels and public- 
houses for about 2000 hours, and private houses for about 1200 hours. Power 
consumers who take current daily for one hour and longer also reach the 
300 hours, as in their case, too, the hour meter is set to half the maximum 
horse-power in regular daily use (not half the maximum installed), and the 
average horse-power is above this amount. The results obtained with this 
tariff are very satisfactory, and it has the advantage of simplicity, and of being 
easily understood by the avei-age consumer. 

The Two-rate System. — In a two-rate, or double-tariff, system, two 
distinct charges are made, based on the time of day when current is 
taken. During the heavy-load periods on the station in the evening a high 
rate per unit is charged, whereas a low charge per unit is made for the 
units consumed during the rest of the day, irrespective of the use of the 
supply during either period. In order to determine the amounts of the two 
consumptions, a two-r^te, or double-tariff, meter is used. It consists, in 
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general, of an ordinary meter fitted with two distinct registering dials, one 
for the high-prtced and the other for the low-priced miits. By means of a 
change-over device attached to the register and actuated by a time switch, 
or double-taritt' clock, the rotations of the meter spindle arc transferred to one 
or other of the two integrating mechanisms, according to the time of day as 
set on the clock. The units given on the one dial will be the consumption 
during the low mte, or ordinary rate, periods of the (juarter, and those on the 
second dial will be the consumption at the evening rate, when the station is 
working in the region of the peak. The sum of the two dial readings is the 
total consumption. The tariff time can be varied in a very simple manner 
with the time of year by the station, so that the period of the high evening 
rate is longer in the winter than in the summer. The account is readily 
made out, and it is easily understood by the consumer, who can check his 
consumptions at the two rates from the two separate readings of the meter 
dials. By means of a suitable index, attached to the meter register, he is 
further able to at once see at which tariff he is taking current. This system 
appears to answer very well the present-day requirements peculiar to electricity- 
supply. It encourages the general use of electricity and the long-hour 
consumer. It is automatic and reliable, provided suitable two-rate meters be 
employed, many examples of which will be found described in Chapter XII. 

It may be as well to point out here that there are two classes of double- 
tariff meters. In the one class the time switch is combined with the meter 
proper, forming with it one complete instrument, and mechanically operates 
the change-over device of the counting trains. In the other class the time 
switch is supplied a« a distinct piece of apparatus, and electrically actuates the 
change-over mechanism of the integrating gears. The only modification of 
the meter proper is, in general, in connection with the register. 

In some two-rate systems the time switch introduces resistance into the 
armature circuit of the meter during the periods of the low or ordinary rate, 
so that the speed of the meter is reduced, and in the ratio of the low to the 
high tariff. During the high-i*ate time the speed of the meter is the 
normal speed, the resistance being then automatically cut out. For instance, 
if the high rate be 6d. per unit and the low rate be 2d., the speed is 
reduced to one-third of what it would be under normal conditions. The 
product of the units given by the meter and the high-rate charge per unit 
(in this particular case 6d.) will be the amount of the consumer's account. 
The great disadvantage of this method is, that the units registered by the 
meter are not the actual units consumed, so that a record of the actual 
consumption cannot be made. 

The Prepayment System. — In this system of charging the consumer pays 
for his energy before he actually uses it. For this purpose an automatic 
slot meter is used. The object is to reach the class of consumer who is 
cither unable or unwilling to run up a quarterly account, but is very profitable 
to the company. The supply undertaking with this system incurs no bad 
debts, the amount of clerical work of the meter department is considerably 
minimised, and the load is usually a steady long-hour one. The price per unit 
is necessarily high, to cover the meter rentals, which cannot be separately 
charged, and which are heavier than for an ordinary meter. The consumer, 
however, enjoys the benefit of obtaining a commodity on a convenient 
payment system. 

The Hour Meter System. — In many small installations and in certain 
circuits the load is constant, or very approximately so, and it is then only 
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necessary to uicasure the hours of supply to determine the units from the 
known value of the load. It generally happens in such cases that the amount 
of the consumption hardly warrants the installation of a relatively costly 
meter, and an hour meter is then used. The hour meter registers the 
number of hours during which current flows in the circuit, and stops wheu 
current is not taken. It is a simple and cheap piece of apparatus, consisting 
of a clock which is actuated by the current. It is employed in connection 
with ordinary meters, in special tariff systems, in which the discounts, or 
charges, are based on the time during which current is taken, and more 
particularly when that current is in excess of a predetermined amount. The 
hour meter is slightly modified for different purposes, and many combinations 
can be obtained with it. For public lighting work, the price for which is 
generally at a fixed rate per lamp per year, an hour meter may be useful for 
ascei'taining the exact number of hours of lighting in each case. 
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CHAPTER XL 

PBEFAYMEKT HETEBS. 

General Description — Beaumont Prepayment Meter — British Thomson-Houston Preiiay- 
ment Meter — Vulcan Prepayment Meter — Fort Wayne Prepayment Meters — Hooknam 
Prepayment Meter — Moroey-Fricker Prepayment Meter — Keason Prepayment Meter — 
Prepayment Meter of General Electric Co., U.S.A. — Prepayment Meter of the 
Com])agnie pour la Fabrication des Compteurs, Paris — Watson Prepayment Meter. 

General Description. — A very large field exists for a cheap and reliable 
prepayment electricity meter, and most of the well-known meter manufacturers 
are at the present time engaged in perfecting their different types, which in 
many cases have not passed beyond the experimental stage. By the aid of 
the prepayment meter a central station can profitably supply current to the 
small consumer whose actual consumption is insufficient to cover the cost of 
keeping the account. The consumer's convenience is served by this method 
of charging, and no risk of non-payment is incurred by the supply company. 

A prepayment electricity meter generally consists of two distinct parts, 
viz. the prepayment device and the meter proper, the two being either 
mechanically or electrically combined. The prepayment or automatic slot 
attachment is a mechanical arrangement which, on the insertion of a coin 
of the right denomination, can be actuated in such a manner that a main 
circuit switch is closed, and either a spring controlling a clockwork train of 
wheels is wound up, or some other mechanism is displaced to a predetermined 
extent. The meter proper does not materially differ from the type to w^hich 
it belongs, and, in general, the register is the only part of the meter which is 
modified. When the main circuit switch of the prepayment device has been 
closed on the insertion of the first coin, current can be taken, and the meter, 
if of the motor type, revolves in the usual way, and in so doing allows the 
prepayment device to return to its normal condition. The rate at which this 
is arrived at depends on the current flowing and on the amount of energy 
represented by the value of the coin inserted. When the amount of energy 
corresponding to the coin has been consumed, the main switch of the prepay- 
ment attachment is automatically opened, and no more current can then be 
taken until a further prepayment has been made. In general, several coins 
can be successively inserted, the number differing in the different types, and 
when this number has been reached a locking arrangement conies into 
action, by means of which a further prepayment cannot be made until one 
coin's worth of energy has been consumed. 

The important point to be remembered in connection with prepayment 
meters is, that the restoration of the automatic mechanism to its normal 
condition should not ca\ise additional work to be performed by the meter, as, 
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otherwise, its accuracy and its light load registration will be impaired. Tt is 
not possible to comply with this condition absolutely, but the extra work 
involved by the prepayment attachment should be reduced to a minimum j it 
should be invariable in character, i.e. independent of the number of coins 
inserted, and the driving torque of the meter should be correspondingly 
increased. The prepayment attachment should, moreover, not materially 
increase the cost, which at the present is too high, and is the cause of the 
comparatively restricted use of this type of meter. It is highly essential that 
the full amoimt of energy represented by a coin should be obtained after its 
insertion, that it should not be possible to obtain more than this amount of 
energy for one coin, and that every precaution should be taken to prevent 
damaged coins, pieces of wire, or coins of the wrong denomination to be 
inserted in the slot and actuate the prepayment mechanism. 

The meter should not only show in the usual manner the units consumed, 
but the number of coins standing to the credit of the consumer, so that he 
can always tell when prepayment has to be made without waiting until 
current is interrupted. It is also valuable for the total number of coins 
inserted to be registered, as this aflfords a check on the collector. 

Beaumont Prepayment Meter. — The prepayment device invented by Mr 
F. J. Beaumont is a very simple and effective coin-freed mechanism, which 
can be easily attached to any type of motor meter. It embodies many 
important featxires. A special compound differential gear is used, which 
causes a hollow worm to travel longitudinally along a horizontal axis through 
a predetermined distance when a coin has been inserted in the operating 
mechanism. On the passage of a current this worm is returned to its 
original position by the armature spindle of the meter, when the instrument 
switch is opened. To prevent irregular movements of the coin-freed 
mechanism by any unsteady or sudden action of the handle rotating the coin, 
the mechanism is not directly actuated by the coin itself, but is operated 
on the discharge of the coin into the coin till. 

Distinct from most devices of this type, the change from one price per 
unit to another is readily effected by simply raising or lowering a price 
changer screw, which can be done with the meter m situ. In all other fonns 
the meter has to be partially dismantled to allow a new change wheel, or set of 
change wheels, to be introduced to meet the required change in the tariff. 

Before the instrument switch is opened by the action of the meter, a 
* dimming ' resistance is automatically thrown into the main circuit, causing 
the lamps to burn dull, and in this manner an effective wannng is given that 
the light will shortly be cut off. This resistance is in circuit just long enough 
to enable a further prepayment to be made, if desired, without an interruption 
of the supply. 

The general arrangement and operation of the prepayment attachment will 
be understood by reference to Figs. 213 to 215, which represent three 
different views of the device in connection with a continuous current watt- 
hour meter, and to Fig. 216, which shows more in detail tlie construction of the 
compound differential gear. The coin C is first inserted in the slot in the 
meter case, from which it falls into the recess in the coin carrier W, and the 
handle H is then turned. This action of the handle rotates the carrier W, 
and causes the coin to describe the circular dotted path sliown in Fig. 214, 
in the course of which the coin depresses the toe T of the actuating lever L, 
pivoted at 0^ , the other end of which is correspondingly raised. The coin 
next strikes against the stop S and discharges into the coin till Z. The lever 
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L is now free to move, and is returned by the epring Y into its ori^nal 
position, in which it rests on the price changer screw E. During the return 
motion of the actuating lever the pawl 1' attached to it engages with the 
ratchet wheel H, and rotates it throngh an amount corresponding to the value 
of the coin inserted. The rotation of the ratcliet wheel R cauaea the hollow 
worm U to rotate in the opposite direction and travel along the axis A, in a 
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manner to be explained later. This worm V carries at one end two pins P, 
and P\, by means of which the switch arm G is actuated and the merenry 
switch opened and closed. 

The switch arm (J is pivoted at O^, and is provided with two projections 
V, and V^. The ratchet wheel li is revolved clockwise, as already explained, 
each time a coin is inserted, and the hollow worm U is turned counter-clock- 
wise. When this happens on the insertion of the first coin, the pin P', 
engages with the projection V, and tilts the bar G into the position shown in 
Fig. 214, causing the plunger attached to the end M of the switch arm G 
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to enter the mercury cup of the mercury switch, and the circuit is then 
cloaed. Under the action of the meter the worm U is rotated back, and, 
when it has nearly reached the end of its travel, the pin P^ raises the switch 
arm G, the end N of which forces back the iiuick-break lever L, , pivoted at 
0■^ , allowing tiie pin P« attached to this lever to enter the middle groove. 
The plunger is slightly raised out of the mercury cup by this action, and 


the dimming resistance D is automatically inserted in the circuit in the 
following manner. The plunger has two contacts, one slightly above the 
other, the two contacts being connected through the dimming resistance D. 
When the plunger is completely immersed in the mercury bath this resistance 
is short-circuited on itself ; when, however, it is slightly raised, the upper 
contact is above the mercury, so that the current now flows from the mercury 
through the lower contact to the dimming resistance, from wliich it passes 
to the lamps, which now bum dull. The switch arm U is held in this 
position, wiUi the pin Pj of the quick-break lever L, in the middle groove at 
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N uotil, as the norm U continues to rotate, it is tilted further by the pin Pj 
now coining into action. In consequence, the pin P^ is made to enter the top 
groove at N, and the circuit is rapidly and completely opened. 


It will be seen that after the coin has been discharged the actuating lever 
L is returned by the spring Y through a certain distance, limited by the 


Fig. 21 a. 

position of tbe price-changer E. This distance determines the limit of 
rotation of the ratchet wheel R per coin inserted, and is dependent on the 
price per unit. By raising or lowering the screw E the vertical drop of the 
lever L is altered, and this change is the only one necessary when an 
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alteration in the tariff is made. At the same time as the handle H is 
rotated on the insertion of a coin a shutter is turned, so that a second coin 
cannot be inserted until the slot in the shutter again coincides with that in 
the meter cover after the first coin has been discharged. When the number 
of coins for which the meter is set has been inserted, the shutter is locked 
in position, and a further prepayment cannot be made until at least one 
coin's worth of energy has been consumed. 

The manner in which the compound differential gear produces the desired 
motion of the worm U will be followed from the drawing in Fig. 216. The 
ratchet wheel R is rotated, as explained above, by the actuating lever L (Fig. 
214), and in turn drives the mitre wheel R, , which together with the other 
wheels Rg , Qj , and Qg forms the compound differential gear. When the wheel 
Rj is rotated it revolves the two idle wheels Q^ and Qg , which will ride over 
the mitre wheel Rj. The axles J J of the two wheels Qj and Q^ ^^^S^S^ ^^ 
two internal grooves in the hollow worm U, so that it is caused to rotate. 
The worm U will also rotate, but in the opposite direction, when the mitre 
wheel Rj is turned by the action of the meter, its shaft A^ being driven by 
the pinion W^ (Fig. 213), which gears either with the counting train, or meshes 
through an intermediate gear with the armature spindle of the meter. The 
rotation of the worm U is converted into a longitudinal travel in either 
direction by means of the fixed pin P3 (Fig. 213), which engages w^ith its 
external thread X. 

The slight extra friction the meter has to overcome, due to the prepayment 
attachment, consists in revolving the worm U along the axis A (Fig. 215), and 
in opening the switch when the prepaid energy has been consumed. It will 
be seen that this additional retardation to the meter is constant in character, 
i.e, the friction to be overcome is independent of the number of coins 
inserted. 

The total units consumed are given by the cyclometer counter or ordinary 
register of the meter proper, and the unconsumed units are indicated by a 
pointer, which is moved over a horizontal scale in either direction by the 
worm U, and stands at zero when the instrument switch is opened. The 
whole of the prepayment mechanism is self-contained on a bracket B, from 
which it is easily detached after the coupling F has been disconnected. The 
coupling F connects, through a suitable gearing, the prepayment attachment 
with the integrating train or armature spindle of the meter. 

BritlBh ThoniBOii-HoTistoii Prepayment Meter. — The British Thomson- 
Houston Company, Rugby, use a simple prepayment device in mechanical 
combination with their various types of meters. In Fig. 217 is given a 
front view of their 0*K. meter fitted with the prepayment attachment. The 
register is the only part of the meter proper which is modified, and is shown 
in detail in Figs. 218 and 219. A disc D (Fig. 218) is fixed to an axle A, 
supported between the side plates of the registering mechanism. This disc is 
actuated by the insertion of a coin, in a manner to be explained later. It 
carries on its periphery a pinion Dj , which gears with the toothed wheels B 
and C. These wheels are loosely mounted on either side of the disc, and the 
one wheel B gears with the last wheel W of the integrating train of the meter. 
The wheel C is provided with ratchet teeth, by means of which it is rotated by 
the pawl Pj (Fig. 219) attached to the actuating lever L, and by means of 
the pawl Pjj the wheel C can rotate in one direction only. The lever L is 
pivoted at E to the side plate of the registering train and is raised by the 
action of the coin. 
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The coin-freed meclianism rotates the disc D through a predetermined 
angle on the iusertioii of a coin, and Bimnltaneously cloees the switch of the 
instrument. It is Illustrated in Figs. 220 and 221, of which Fig. 220 is a 
side view, with the coin dnim removed for the sake of clearness ; and Fig. 221 
is a second side view, showing only 
so much of the mechanism as is 
necessary to explain the operation 
of the switch by the prepayment de- 
vice. The coin drum is carried on 
the axle M, which in rotated by a 
handle external to the meter case. 
The drum is recessed, and the recess 
in the zero position is below the coin 
slot in the meter case. When a 
coin is inserted in the slot it falls 
into the recess in the drum and 
projects above it, so that on rotat- 
ing the handle it engages with the 
lever L (Fig, 219) and raises it, 
causing tlie disc C to be rotated. 
As the handle is turned further the 
coin clears the arm L, allowing it 
to return by gravity to its normal 
position against the stop Q. The 
coin then drops into a coin till, and 
on returning the handle to its 
original position the slit in the coin 
drum is ready to receive a further 
coin. The coin dnim and handle 
are prevented from being moved 
in the reverse direction, until the 
it, by means of the ratchet wheel R 
(Fig. 220) aiid the pawl P,. The axle M also carries a cam N, which, on the 
handle heiiig turned, rocks the U-shaped plate L round O, at which it ia 
pivoted. The switch arm S is also pivoted at and ia held normally in the 
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i dropped and tlie switch i 
. 220) and the pawl P,. The a 
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open position by means of a spring. H ia a pivoted lever having two arms, 
of which H, engages with the upper end of the lever L, , pivoted at 0, on the 
switch arm. The lever L, is provided with a projection I^ in the path of the 
U-shaped plate U. The other arm Hj of the lever H has a tooth Hj , which in 
the zero position of the disc D (Fig. 219) just clears the notch D' in the 
periphery of this disc. 

If the handle be turned with no coin in the coin drum, the cam N rotates 
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the U-shaped plate U, causing it to engage with the projection Lg. This 
action tilts the lever H, so that the tooth H3 enters the notch D' in the disc 
D and the arm Hj is raised. This allows the lever Lj to turn round its pivot 
at Oj , and the projection Lg moves out of the path of U. On turning the 
handle still more, U only rotates round O without actuating the switch S, 
which remains open. If, on the other hand, a coin has been inserted in the 
coin drum, on rotating the handle the coin raises the lever L (Fig. 219), which 
rotates the wheel C, causing the pinion D^ (Fig. 218) to revolve on its axis and 
advance the disc D in the same direction as C through an angle corresponding 
to the value of the coin inserted. The notch D' is in this manner moved clear 
of the tooth H3 , which now rests on the rim of the disc D. In this position the 
lever L^ is prevented from turning round Oj by the arm Hj , and its projection 
Lg remains in contact with U. The latter now causes the switch arm S to 
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Fig. 220. 


Fig. 221. 


move with it, as shown in Fig. 221. When the switch is closed, it is held in 
the closed position by the pawl P^ , which now engages with a pin on Lj. On 
the passage of current through the meter, the armature rotates and drives 
the integrating train through the worm on its spindle. The wheel B is 
rotated in the opposite direction to Dj , and the wheel C is prevented from 
moving backwards by the pawl P^ , so that the pinion Dj revolves on its axis 
and returns the disc D towards its initial position. When an amount of 
energy has been consumed equivalent in value to the coin, the notch D' comes 
again under H3. The lever H now moves so that the levers H| and L^ are 
free, and the pin on Lj is released from the pawl P^. The spring then pulls 
the switch arm S out of the contacts, and the circuit is opened. By inserting 
several coins in succession the angle through which the disc D is turned is 
correspondingly increased, the switch remaining closed after the first coin has 
been dropped in, and coins to the number of ten may be inserted one after 
the other. 
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A feature of the arrangement is that the number of coins iaaert«d does 
not increase the work the meter has to do in consequence of the prepayment 
attachment. The extra friction to be overcome by the meter consists in the 
pressure of a light arm on the rim of a revolving disc. It is constant in value, 
and can, therefore, be completely taken into account in the calibration of the 
meter. By means of a small pointer, clearly seen in the front view of the 
meter. Fig. 317, and marked K in Fig. 21S, the coins standing to the credit 
of the consumer are indicated. The pointer rotates with the disc, and stands 
at the zero of the coin register when the switch is open. 

The Vulcan Frepayment Meter. — In the Vulcan prepayment meter the 
prepayment attachment consists of a clockwork train of wheels driven by a 
mainspring and controlled by a tight escapement lever, which forms the 
connecting link between the 
meter proper aod the auto- 
matic device. Fig. 222 is a 
view of the instrument with 
the cover and coin tilt re- 
moved, showing the meter 
proper on the left and the 
prepayment part on the right. 
Beneath the coin slot is a 
shaft which, on the insertion 
of a coin, can be turned by 
a handle, when the mainspring 
of the clockwork is wound up. 
When the coin is inserted 
in the slot C (Fig. 223), it 
falls into a recess in the shaft 
and locks it with a ratchet 
wheel B, which can now be 
rotated through aH angle of 
45 degrees by turning the 
handle H. The coin will then 
come under the shaft and will 
fall into the till T. 

The motion of the ratchet 
F'«-222. ^heel B ia transmitted 

through a differential gear 
(Fig. 2'2i) to the driving shaft A of the clockwork, and thus winds up the 
mainspring R to a prearranged extent. The train of wheels a h (Fig. 225) 
terminates in an escapement, controlled by a slotted lever g, interlocked with 
the meter proper by means of a pin h, wliich is attached to a small disc od the 
ratio-wheel aile of the ordinary register of the meter. The pin works in the 
slot of the escapement lever, tlie alternate raising and lowering of which 
permit the escapement whech to revolve. When the first coin is insei'ted, 
turning the handle not only winds up the spring, but closes the circuit switch 
in the instrument. As soon as current is taken by the user, the meter 
rotates and seta the escapement lever in motion. This allows the mainspring 
to unwind at a rate proportional to the rate at which energy is being consumed. 
The switch remains closed until the spring is unwound, when it immediately 
opens, and no more current can be taken without further prepayment. Suc- 
cessive coins to the number of eight can be inserted at one time, and at each 
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insertioD the tension of the mainspring is proportionally increased. When 
the eight pennies have heen dropped in, a locking lever ia brought into action, 
which closes the slot and locks the handle until one pennyworth of energy 
has been consumed. 

No pover is transmitted between the meter proper and the prepayment 
device, and the only extra work performed by the meter oonsbts in raising 
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and lowering the light escapement lever. The rate at which this lever allows 
the spring to unwind varies with the price of the unit of electrical enei^. 
By altering the ratio of the clockwork the instrument can be arranged to suit 
any price between threepence and one shillhig per unit. The front plate of 
the prepayment part is provided with two sets of dials. The upper set 
consists of three pointers whicli 
indicate the number of coins which 
have been inserted since the meter 
was installed, and the lower dial 
shows the exact number of coins 
standing to the credit of the con- 
sumer. As the coins are inserted 
the pointer of this dial moves 
forward, and on the passage of a 
current moves back to iiero, which 
it reaches when the circuit switch 
opens. The energy consumed is 
given on the ordinary meter dials, 
the reading of which, multiplied ^"*- 22S. 

by the price per unit, should be 

equal to the reading of the coin register. The instrument, which ia made 
in three sizes of 2, 3, and 5 amperes, can be used without any alteration on 
either a continuous or alternating current circuit. The coin till is secured 
by a padlock, and can be removed without unsealing the main cover. 

Fort Wayne Frepayroent Meter.— The prepayment meter manufactured 
by the Fort Wayne Electric Works, Fort Wayne, Indiana, U.S.A., consists of 
their induction meter, type W, mechanically combined with a ' Wood ' prepay- 
ment attachment. The latter is a clockwork train of wheels terminating in a 
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novel escapement, which ia released by the operation of the meter proper- 
The force driving the train is obtained from a Ui^e flat coil spring inside a 
barrel, on the front end of which are the credit figures. The rear end of the 
itpring barrel is covered by a disc with an internal and external gear on its 
rim. The external gear ia controlled by the escapement, which meshes with 
the integrating train of the meter through a pinion connection. The internal 
gear is driven through an intermediate gear, which is mounted on the spring 
barrel and meshes with a pinion on the stud within the hollow shaft of the 
knob or handle of the instrument. This combination of gears is used to 
render the operations of tlie knob on the credit indicator and of the eocape- 
oieiit independent of one another. In this manner the device will 
simultaneously and correctly credit and debit if a coin should happen to 


be inserted coincidently with the release of the escapement in the attempt 
to record the consumption of another unit. 

The simultoncoUH credit and debit would leave the credit figures un- 
changed. In practice this very rarely occurs, as a prepayment is usually 
made when the escapement is locked. The escapement is separately illus- 
trated in Fig. 226. The pinion shaft, which ia driven through the pinion gear 
by the integrating train, carries a small cam, which, as it revolves, oscillates 
an eccentric arm that rocks on its elbow. This arm movea a finger backwards 
and forwards across the rim of the release gear wheel in mesh with a damper 
fan. 

The pinion makes one complete revolution during this advance and retreat 
motion of the finger. During the first half of the revolution the finger dis- 
places a catcli from a pin set in the rim of the release gear, and during the 
second half of the revolution it is withdrawn from the pin. When the finger 
has nearly approached its outer position the release gear is free to revolve 
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under the tuition of the maioBpring through a train of three gears, of which 
the middle one is large, and makeu a single revolution for each release. A pin 
on the middle gear wheel pushes the catch back into the path of the Stop pin 
on the releaae gear wheel, and so arrests its motion after it has made the 
requisite number of revolutions to allow the spring to turn back the credit 
figures one place. 

The general appearance of the prepayment meter, with the case on, is 
shown in Fig. 227. 

The operation of the mechanism is simple. The coin is inserted in a slot 
in the hollow shaft behind the 
knob in front of the instru- 
ment. It fit« in a slot in the 
stud within the shaft, and so 
forma a key. On turning the 
knob the stud will aiso turn, 
and through its pinion will 
rotate the intermediate gear, 
causing it to roll round on the 
internal gear of the stationary 
double gear disc and to carry 
with it the spring barrel and 
credit figures. This action 
winds up the main spring and 
places the coin to the credit 
of the consumer, as shown by 
the figure throi^h the window 
above the knob. The knob 
once started, on the insertion 
of a coin, cannot be reversed, 
but must be given a half turn, 
when the coin falls through 
the tube into the coin recep- 
tacle. The instrument switch 
is closed on the insertion of 
the first coin and the subse- 
quent operation of the knob. 
When current is taken, the 
intermediate gear is now driven 
by the n^ainapring in the op- 
posite direction and turns back Fio. 227. 
the credit figures as explained. 

The coin used in America is the dime (10 cents), and twenty such coinaoan 
be inserted in the above manner in succession, bo that prepayment can be 
made to the value of $2.00. 

The four-point switch is opened by the last escapement when the energy 
consumption corresponds to the amount prepaid. A change in the tariff only 
afTecta the size of the small gear connecting the meter registering train with 
the escapement train, so that the meter can be readily adapted to any mte. 

The escapement movement is released once for every rate unit, and the 
meter only moves a very small brass lever alxiut one-eighth of an inch during 
this period. 

In exactly the same manner as above, the Fort Wayne Electric Works 
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adapt their type K induction meter for a prepayment syBtem. An internal 
view of this type, with the prepayment vaae removed, is giveu in Fig. 228, 
which clearly shows the type of instrument switch used. 

for those iuHtatlatioua requiring a separate prepayment device in poeitions 
distant from the meter, this company also supply the prepayment mechanism 
and coin box as a separate instrument, iu electrical connection with the 
meter proper. The construction is exactly similar to that already explained, with 
the necessary modification of the tripping device. The escapement motion is 
released by a cam, operated by the armature of an electro-magnet within the 
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case of the instniment. This electro-magnet takes the place of the pinion 
which is driven by the registering train in the above two types. The device 
is electrically connected to the meter by means of the two main line wires and 
an additional small wire operating the tripping magnet. These connections 
enter the instrument on one side, and those to the load are taken from 
two terminals on the other side. The arrangement will be followed from 
Fig. 229, wliich is a view of the separate prepayment device, with the cover 
and escapement mcclianism removed. By means of a contact device on the 
registering train of the meter, the circuit of the tripping electro-magnet is 
closed each time one coin's worth of energy is passing through the meter. 
When the energy corresponding to the last coin has been consumed, the 
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switch in the main circuit is opened, t<^ther with the ausihary magnet 
circuit. 

The ' Wood ' prepayment device, just explained, is used in an exactly similar 
manner by the Ueneral Electric Company of Americu, either in electrical or 
mechanical combination with their Thomson and high-torque induction watt- 
hour meters. 


Tbe Eookham Prepayment Heter. — The main features of the Hookham 
prepayment meter, as arranged for continuous current, are shown in Fig. 
230. The method of operation is to employ the coin to release a correspond- 
ing check from a reservoir. This check causes a mercury switch to be closed. 
On the passage of a current, the rotation of the meter slowly removes the 
check when the predetermined amount of energy has been consumed and 
opens the circuit. No more current can then flow through the meter until 
a further prepayment bas been made. 
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A is the check reservoir, shown partially broken to exhibit the checks, 
which, in the penny slot meter, consist of a number of small phosphor-bronze 
spheres contained in a spiral groove, from which they escape one at a time. 
In the shilling slotter, brass discs arranged in a tube are used instead of 
spheres. A coin is inserted in the slot at B and falls into the receptacle C, 
which is turned by moving the lever D to the left, when the coin, standing 
edgewise in C, first encounters and then lifts the catch E. The handle D can 
now be moved still further, and the coin will fall over the edge of the 
inclined plane F into the drawer on the left. At the same time, due to this 
forward motion of D, a small pusher under the reservoir A causes one check 
to drop into the beam G. It will be seen that, unless a coin has been in- 
serted in the slot, the lever D can only be moved until the receptacle C comes 
into contact with E, when further motion is arrested and a check cannot be 
released. The small inclined plane F is to prevent the release of a check 
imtil a coin has been discharged into the till, and also to prevent the passage 
of more than one check for each coin. The disc or ball always drops into 
the beam slightly earlier than the coin gravitates into the drawer, so as to 
ensure the release of a check for each coin, but the check is not released until 
the coin has passed over the edge of the inclined plane. The importance of 
the part played by the inclined plane in preventing several checks from being 
obtained for the same coin will be understood from the following consideration. 
If- the inclined plane were absent, by very slowly moving the handle forward 
a check could be released from the reservoir without the coin sliding down 
the shoot into the drawer, as the coin is always discharged later than the 
check. The handle could then be returned to its normal position and moved 
forward again, when a second check would drop through, and so on. 

The inclined plane, however, effectually prevents this, as the coin, owing 
to the supposed very slow motion of the handle, will be resting against the 
vertical surface of the inclined plane when the check falls, and the handle 
cannot be returned until the coin has passed into the coin till. 

The beam is pivoted at 0, and carries at its one extremity the plungers 
of a mercury switch, and at its other the counterweight P. The position of 
the counterweight is such that when empty the beam rises out of the mercury 
cups H, but is at once depressed by the weight of one check. The passage 
of the check into the beam, therefore, closes the main circuit through the 
mercury cups. The speed of the meter and the wheel train of the counter 
are so adjusted that one check is released from the beam each time the 
corresponding amount of energy has been delivered. As each check falls 
into the beam it passes over and tilts a small weighted lever I. This lever is 
so arranged that when the beam holds from 6 to 8 discs or 12 balls, more 
cannot issue from the receiver, and at the same time the insertion of more 
than this number of coins is prevented until, under the action of the meter, 
a check has passed from the beam into the drawer on the right-hand side of 
the instrument. The checks are released from the beam by means of an 
escapement worked by the counting train of the meter. In the illustration 
of the instrument (Fig. 230) the latest form of the escapement is not shown ; 
it is separately given in Fig. 231. The release mechanism, as shown in 
Fig. 230, will be understood from the following. One of the wheels of the 
counting train carries a crank-pin, J, which, in rotating, rocks the connecting 
rod and lever K K backwards and forwards. This lever K has attached to it 
a horizontal bar with two small vertical screws L L, forming the escapement. 
The rocking motion raises and lowers first one screw and then the other, 
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which allows the checks to fall one at a time into the drawer. In the im- 
proved release mechanism (Fig. 231), the lever K terminates in an escapement 
V, which controls a star wheel S. The connecting rod and lever K K are 
oscillated hj the counterbalanced crank arm J, which is rotated by the 
integrating train when current is flowing in the circuit. The star wheel S 
is driven by the weight of the checks M in the beam G, and one of its teeth 
is released by the escapement V each g; 

time the predetermined amount of 
energy has been consumed, so that the 
only extra work the meter has to per- 
form consists in actuating the escape- y ^,^ j — — ...^^^ iiZ^—V 
ment. Simultaneously with the 
release of a tooth of the star wheel, 
a check drops from the beam. 

The coin and check drawers are 
secured by vertical spring bolts which 

are depressed by the horizontal bar ^^®- 231. 

on the top of the case. This bar also 

opens and closes the reservoir cover and a small hole in the case. The hole 
gives access to the screw N, which, in the lowered position, presses the end 
of the beam firmly down upon the mercury cups, effectually sealing them 
against loss of mercury in transit. On fixing the meter this screw must be 
raised to its fullest extent. The counter, a view of which is shown in Fig. 
232, registers in the usual way the amount of energy consumed, and shows 
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on the upper right-hand dial the coins still to the credit of the consumer. 
The two lower dials indicate the number of coins which should be found in 
the drawer of the meter. 

The Mordey-Pricker Prepayment Meter is a modification of the Mordey- 
Fricker ampere-hour meter described on page 50, the winding up of the 
clock of the meter proper being performed on the insertion of a coin and 
turning the handle of the prepayment mechanism. The meter spindle is 




:- 
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extended through the box containing the luaiuspriug, and terminates in a 
Bcrew-thread with a nut, which operates the instrument switch and credit 
dial. When a coin is inserted in the slot it forma a key between the handle 
and a toothed wheel whicii engages with a pinion on the spring barrel shaft 
To this spring barrel the mainspring is attached at its one end, its other end 


being fixed to the meter spindle. On turning the handle until the coin drops 
into the money box the spring is wound up a definite amount, and the nut is 
turned through one complete revolution and travels through the distance of 
one thread along the meter spindle, which remains stationary during this 
operation. The motion of the nut pushes forward a lever and closes the 
instrument switch, at the same time turning the hand of the credit dial to a 
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figure which indicates the amount prepaid. The same action of the handle 
alao turns, through the toothed wheel on the shaft, a small counter, which 
registers the total number of coins inserted and acts as a check on the 
collector. The operation of inserting a coin and winding up the clock can 
be repeated until, in the particular instrument illustrated in Fig. 233, six 
coins have been prepaid. At each such insertion the mainspring is wound 
up to the same amount, the check counter is moved to the next higher figure, 
and also the credit index, and the nut travels up the meter spindle, pushing 
the lever still further out. When current is taken, the meter spindle revolves 
at a rate dependent upon the strength of the current, and in the same 
direction as that in which the nut was previously turned. The latter thus 
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gradually travels back to its initial position, returning the index on the credit 
dial, which shows at every moment the amount still standing to the credit 
of the consumer, to the zero position, at which the switch is automatically 
opened. Current cannot now be taken unless further prepayment is 
made. 

By means of the check counter and credit dial the meter proper registers 
accurately the units consumed at the pressure of supply. 

The instrument can be constructed for different coins, and by a change 
wheel in the gearing can be adapted to supply at any price per unit. 

The Beason Prepayment Meter. — The prepayment attachment used by 
the Reason Manufacturing Company, Ltd., Brighton, in their prepayment 
mercury motor meter, will be understood by reference to Figs. 234 and 235. 

The coin is inserted through a slot in the meter case and slides down a 
shoot A into the coin receiver B. This receiver forms the one end of 
a counterweighted coin lever C, which is pivoted at c. When the coin 
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gravitates into B, the lever is tilted through a certain distance and the coin 
then drops into the inonej box. This movement of the coin lever actuates 
a mercury switch, a credit dial, and a check counter. As soon as the coin 
leaves the receiver B, the counterweight rotTima the lever C to its original 
position. The mercury switch consists of the mercury cups F and the 
contact bridges Ej , the latter attached to the one end of a contact lever E, 
pivoted at «, and furnished at its other end with a counterweight. When the 
mercury switch is open, the contact lever E rests against the arm D, carried by 
the lever C. The switch is closed on the coin lever C being depressed by the 
coin, when the contact lever E is drawn down by D, and the contacts made 
to dip into the mercury in the cups. The lever E is then locked in position 
by its pin G engaging with the locking arm H. 

The star wheel K is moved forward one tooth for each depression of the 
lever C by means of the pin J, on the pawl J, attached to the arm I, which 
in turn is carried on the coin lever. This star wheel is Rzed on the sleeve of 
one wheel L of a differential gear, of which the other wheel M gears with 


the integrating train of the meter. Both M and L rotate freely on the 
spindle M, , to which tiie differential pinion N and the switching-off arm O 
are fixed. When the star wheel K is turned by the coin lever, the wheel 
L drives the pinion N and the pin forward through a proportional 
distance, and the star wheel K is retained in position after each forward 
movement by means of the spring P. 

On the passage of a current, after the insertion of the first coin closes the 
circuit, the meter train rotates through the differential wheel M the differential 
pinion N and the pin in the reverse direction, at a rate proportional to the 
current and to the price per unit for which the meter lias been adjusted. 
This condition obtains until the energy consumed corresponds t« the amount 
prepaid, when the pin forces back the stop-piece H. The contact lever is 
then released and springs back against the ami D of the coin lever, and the 
circuit is opened. A further prepayment must then be made before current 
can be taken. The spindle M, also carries an index, which shows on the credit 
dial the coins standing to the consumer's credit, and which is brought back 
to zero when the meter proper is working. The total number of coins 
paid into the meter is also registered on a small counter, which is moved 
each time the coin lever is depressed. 

It will be noticed that the device operates directly on the insertion of a 
coin without the use of a handle. The attachment may be ntade for any 
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coins except email ones, such as a sixpenDj-piccc. The general construction 
of the prepayment meter, with the oover removed, is given in Fig. 336. 

GdDeral Electric Company's Prepayment Meter.— In addition to the 
'Wood' prepayment attachment, described on page 231, the General 
Electric Ctompany, Schenectady, U.S.A., use their Thomson meter, somewhat 
modified, in combination with a separate prepayment device. The two 
instruments are mechanically independent of one another, but are electrically 
connected. 

The meter difTers from the statidard type in the construction and amnge- 
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ment of the regbierin^ train and a few minor details, so that an ordinary 
Thomson meter without the special register cannot be used tor the prepay- 
ment systeni. The register of the meter in Btted with a commutator which 
momentarily closes the circuit of an elcctro-magnct in the prepayment 
mechanism. Fi)i;. 237 is a diagrammatic representation of the connections 
of a two-wire watt-hour meter with the prepayment device, Showing the 
commutator, the electro-magnet, and the double pole circuit Bwitch. In the 
prepayment instrument a registering wheel is used, which is very clearly 
shown in the interior view of the prepayment device given in Fig. 238. The 
insertion of a coin in the slot locks the spindle of the handle and the shaft 
carrying the switch and registering wheel, which is rotated forward against a 
spring through one notch. If the circuit be open when a coin is deposited, 
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the same motion of the handle closes the circuit switch. A portion of the 
registering wheel is visible through the glass window in the cover, and plain 
numerals on its face indicate the number of coins still remaining to the credit 
of the consumer. He is thus able to ascertain at any time how much energy 
he can obtain before having to insert more coins. When the first coin has 
been deposited and the handle moved, the main switch is closed and the 
numeral * 1 ' comes into view. The insertion of a second coin, before the 
current purchased with the first one has been consumed, allows of a second 
motion of the registering wheel, and this will bring the figure * 2 ' in front 
of the window. 

Twenty coins can in this manner be deposited, after which the slot is auto- 
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matically closed, as the handle cannot be turned back to its original position, 
and further prepayment cannot be made until the energy corresponding to 
the value of one or more coins has been consumed. 

Whenever the energy value of one coin has passed through the meter, 
the commutator on the meter register momentarily closes the circuit of the 
electro-magnet. The armature of the latter is attracted forward and a catch 
is released so that the registering wheel unwinds by the amount of a single 
tooth, when motion is again arrested. When a further equal amount of 
energy has been taken, the operation is repeated. This process continues 
until all the energy for which prepayment has been made has been delivered, 
when the registering wheel moves back to the first notch and opens the 
switch. No more current can now pass until another coin has been deposited. 

As already pointed out, the prepayment mechanism only shows the number 
of coins which stand to the credit of the depositor, but the dial of the meter 
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always iadicatee the amount of energy delivered, and thus Hervea to cbeck the 
number of coins in the coin receptacle- This latter is made detachable and 
can be sepamtely sealed, so that tlie collector only lius to remove it and 
replace it with an empty one. 

The prepayment device is manufactured iu one standard aize, designed for 
the deposit of dimes, which represent the most commonly used coin in 
America, so that prepayment can be made for $2.00 worth of electrical energy 
at one time. The selection of the commonest coin as the unit of the pre- 
payment system is important, as it avoids inconvenience to a customer when 
a deposit is necessary. 

The Prepayment Meter of the Compagtde pour la Fabrication des 
Comptenrs, FariB. — A similar 
method is used by this company 
and by the Danubia Actiengesell- 
schaf^ Vienna. An illustration 
of the former company's prepay- 
ment meter is given in Fig. 239. 
The meter proper is electrically 
connected to a separate auto- 
matic instrument, and in the 
cose illustrated the meter is their 
O'K. type. The coin is inserted 
in the slot at D, and the handle 
M turned from left to right as 
far as it will go, when it is 
brought back to its initial posi- 
tion. This action closes the cir- 
cuit switch in the prepayment 
instrument, and a quantity of 
electrical energy can be taken 
corresponding to the value of 
the coin. When this amount of 
energy has been delivered, a 
contact controlled by the train 
of wheels of the meter counter 
completes the circuit of an 
electro-magnet in the automatic 

instrument ; the electro-magnet ^^°- 2^^- 

becomes momentarily energised 

and by means of its armature opens the circuit switoh. Current is thus 
cut olT until a further prepayment has been made. Ten coins can be 
successively inserted in the miuiner described, when further prepayment is 
automatically prevented until an amoimt of energy corresponding to one 
coin has been consumed. It will be Been that the only modification intro- 
duced into the meter proper is in connection with the registering mechanism, 
the dials of which give direct, in the usual manner, the imita delivered. 

A small dial, visible tlirough a window behind the handle M of the prepay- 
ment mechanism, shows the number of coins standing to the credit of the con- 
sumer. The hand on this dial is gradually brought back to zero during the 
passage of a current, and reaches the zero position when the instrument switch 
is opened. 

The Watson Prepayment Meter, manufactured by the Rochdale Electric 


244 ELECTRICITY METERS. 

Company, Limited, Rochdale, differs in iiinny details from the prepayment 
meters which have, so far, l>een described. Theae, it will be remembered, con- 
sist of two distinct parts, namely, the prepayment mechanism and an 


electricity meter proper, the latter being suitable for either continuous or 
alternating currents, or both. The two parts are either mechanically com- 
bined and mounted in one case, or they are simply electrically connected and 
an) then used as two instruments. The meter iUelf does not differ in its main 
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features from the type to which it belongs, the only modification generally 
introduced into it being in connection with the registering tmhi. 

In this case, however, the meter is a specially dcfiigncd prepayment meter 
for use in supplying current to small consuuiers, and the electrical portion by 
itself cannot function as an electricity meter. 

Fig, 240 is a view of the Watson slot meter, with the cover open. It com- 
prises two trains of wheels, one of which is the registering train and the other 
oscillates a special zigzag lever. The motion of this lever seta free and 
regulates the escapement of the recording train, and is, in turn, controlled by 
an electrical governor, which limits the extent of its swing according to the 
strength of the current flowing. The governor consist* of a finger attached 
to the soft iron annature of a soleuoid, which is connected in series with the 
main circuit through the switch in the meter. The more lamps there are in 
circuit, the more strongly will the armature of the governor be drawn into the 
solenoid, and the greater will be the amplitude of the swiug of the oscillating 
lever, and, in consequence, the more 
quickly will the registering train be 
driven. 

The parts of the instrument are 
shown diagrammatically in Fig. 211. 
VVhen a coin is inserted in the slot 
and has been turned round until it 
drops through, it comes into contact 
with a bell-crank lever A and removes 
the toe of the lever from its posi- 
tion in contact with a cam on the 
cam shaft B, which is now free to 
be turned. The knob C on the shaft 
is then turned through one complete 
revolution in the direction of the 
hands of a clock, as indicated by the 
arrow on it, when it is locked. This 
action closes the switch at D D, and 
brings an adjustable sector E, on the 
cam shaft, into contact with a disc 

F. This disc is turned round, and moves with it the pointer or indicator M, 
over the face dial W, to a numeral indicating the number of lamp-hours 
corresponding to one penny. At the same time the cam causes the bell-crank 
lever A to move forward, allowing the coin to drop into the till. In the dia- 
gram, a penny is clearly shown in the position ready to fall into the coin 
receptacle. 

The meter will now work on the passage of a current. This operation may 
be repeated until the maximum numlrer of lamp-hours on the dial is indicated. 
The maximum so reached cannot be exceeded, as, on any further attempt to 
tuni the kuob, the sector E will revolve in an annular space on the disc F at 
this point. In this manner the mechanism is safeguarded against injury and 
cannot bo locked. H is the zigzag lever which frees the escapement (! of the 
recording train through the escapement lever L. The lower end of H is 
notched, and near its upper end it has a series of zigzag grooves, correspond- 
ing in number to these notches. In the zigzag grooves a small pin K works, 
and, when the otwillating lever H is swinging, rocks the escapement lever L to 
and fro, to which it is connected. The escapement lever L engages with the 
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escapement wheel G of the recording train, and thus works the pointer M back 

to zero. 

It is so arranged that one tooth of the escapement wheel is releajsed for 

each zigzag. 
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The oscillating motion of H is obtained from the pendulum clock through 
the pin 0, which engages with the cam N, mounted on a continuously revolv- 
ing shaft, r is the governing lever attached to the armatiu*e R of the solenoid 
S. The steps from to 6, at the bottom of the lever H, are so arranged that, 
when the tip of this governor engages with these steps, the escapement G is 
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free to move 1, 2, 3, up tx> 6 teeth, according to the position of the governor 
tip. This position depends upon the extent of the attraction of the armature 
R into the coil S, and, therefore, on the number of lamps in circuit. 

When no current is flowing, the lever H is held out of reach of the cam N 
by the governing lever, and consequently does not move. Although the 
pendulum bob T continues to swing, no movement of the pointer M on the 
face dial W can take place. 

During the operation of the meter the indicator is gradually being brought 
back to the zero position ; the moment it returns to zero, the circuit switch D 
b opened by the pin Z on the dial hand shaft, coming into contact with and 
forcing away the lever with the catch Y. No current can then be taken imtil 
further prepayment is made. 

The face dial W, in the front of the meter, reads in lamp-hours, and 
indicates at every movement the number of lamp-hours which stand to the 
credit of the consumer. A check dial X is fixed on the main wheel of the 
recording train, and can be read through a hole in the front dial. It shows 
the number of lamp-hours consumed, and forms a check on the collector. 

The coins found in the till multiplied by the lamp-hours per coin should 
equal the sum of the check and face dials, less the previous readings. In the 
event of the rate of charge per imit being altered, the number of lamp-hours 
per coin can be increased or decreased without displacing the meter from its 
position by increasing or decreasing the arc of contact of the adjustable sector 
E with the disc F. 

The meter is calibrated by cutting the notches in the oscillating lever to 
correspond with the movement of the armature, which is centred in jewels. 

At V will be seen the coin trap used, which effectually prevents the 
insertion of a suspended coin, wire, or a coin of abnormal proportions. 


CHAPTER XII 

TAEIFF AND HO (IB METEBS. 

Definition of Maximum Demand Indicator — Aron Maximum Demand Indicator — Atkinson- 
Schattner Maximum Demand Indicator — Frioker Maximum Demand Indicator — 
Maximum Demand Indicators of the Reason Mfg. Co., Brighton — General Description 
of Two-rate Meters — Deutsch-Russische Tariff Meters— Electrical Company's Two-rate 
Meters — Hookham Two-rate Meter — Siemens-Schnckert Double-tariff Meters — Aron 
Two-rate Meter — Two-rate Meters of the ComiNurnie pour la Fabrication des Compteurs, 
Paris — Double-tariff Instrument of the Luxsche Industriewerke— Hour Meters. 

Definition of MaTrinrnin Demand Indicator. — In the present chapter, de- 
scriptions are included of some representative types of maximum demand 
indicators, double-tariff or two-rate meters and hour meters. The principles 
iuYolved have already been discussed in Chapter X. 

A maximum demand indicator is an instrument which registers the 
maximum current taken in an installation during a given period, and its scale 
shows, at the particular supply pressure, the number of units, corresponding 
to each maximum current so taken, that must be consumed during stated 
periods before a reduction is made in the price per unit. Maximum demand 
indicators are based on either the thermal or electro-magnetic effect of a 
current, and on the principle of intermittent integration. A demand instru- 
ment should only register the excess current when that current has been 
flowing for an interval exceeding the time lag of the instrument, which should 
be large and depend on the nature of the installation, that is, whether the 
indicator is connected to a purely lighting circuit or is operating on a load 
comprised of motors. Increments of current of short duration, as, for 
instance, switching on a few extm lamps for a few minutes, or temporary 
short-circuits, should not cause an increase in its registration. 

If a steady current of A amperes be flowing in a circuit, the indicator wOl, 
of course, show A amperes, but if the current be increased to A -f B amperes, 
and the increment, B amperes, only lasts a few minutes, then the indicator 
should not record more than the original current. 

The Aron Maximum Demand Indicator. — By means of an ingenious and 
slight addition to the ordinary Aron meter, it is made to function both as a 
meter proper and as a maximum demand indicator. The same instrument 
will, therefore, not only register the units consumed in the usual manner, but 
will also give the maximum energy taken during a given time interval, and, 
consequently, the units that must be consumed during that interval before a 
rebate is made. 

It will be remembered that the differential clock of the Aron meter is 
driven by means of a small motor, and that the oscillation differences of the 
two pendulums, produced when current is taken by the installation, are 
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ihtegrated bj the clock and given on the dial, the indicatioiia of which 
'represent the energy eoiiBunied over any desired period. Tlie power of the 
driving motor thus available is utilised to drive an additional train of wheels, 
by means of which a pointer is intermittently- brought into gear with, and is, 
in turn, actuated by, the integrating train of the met«r. The position of tlie 
maximum demand pointer on its dial is determined by the angle through 
which the Arst wheel of the counter has turned iu a given time. Fig. 242 ia 
a front view of the instrument, showing 
very clearly the maximum demand dial 
above the springing integrating coimter. 
The maximum demand pointer is loosely 
mounted on its spindle, which, at the 
back of the dial, carries a toothed 
wheel. This wheel engages with the 
pointer by means of- a pin attached 
to the latter, and is driven from the 
integrating train. 

The commutator axle of the meter 
drives through a toothed wheel an inter- 
mediate set of wheels, which actuate a 
pivoted lever, on which is mounted 
another small wheel, which forms the 
connecting link between the integrating 
train of the meter and the toothed 
wheel on the pointer spindle. This ^ 
small connecting wheel is thrown into 
gear once every twenty minutes, but 
only remains in gear tor half this 
hitcrval. This period of twenty 
mioutee can, however, be increased or 
decreased to any extent. The integrat- 
ing train and the demand indicator arc 
thus in gear during a definite tinie, 
and when the former is actuated, on the 
passage of a current in the main coils 
of the meter, the pointer on the maxi- 
mum demand dial will be moved dur- 
ing this time at a rate dependent on 
the energy consumed. The position at 
which it ultimately arrives at the end 

of the period will be a measure of the ^'^'^- ^^^ 

maximum demand in units. 

At the termination of this time the small coimecting wheel above referred 
to is thrown out of gear. The pointer will now remain stationary, and a light 
hairspring, which is wound np on the driven wheel of the pointer axle as this 
wheel rotates, unwinds and quickly returns the wheel to its zero position, 
leaving tlie pointer behind. This wheel will be again driven as already 
explained. Before, however, it can move the demand pointer, it must travel 
round until it again engages with the pin of the same. This will only happen 
provided that the demand during the new period is in excess of the former 
one, when the pointer will move further round and indicate the new 
To re-set the demand dial, it is only necessary to tuni the pointer 
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back to the zero poBition. In addition to tKe advantage of one instrument 
giving both the actual units consumed and the maximum demand, however 
Hmall, the law of the meter being a straight line law, the demand mechanism, 
as it is driven by the meter, is strictly proportional throughout the range of 
the latter. 

The AtkinBOQ-Schattner WnTimTim Demand Indicator, tlie latest type of 
which is illustrated in Fig. 243, worka on the electro- magnetic principle. It 
is simply a gravity control ammeter of the solenoid type with a soft iron core, 
and is provided with a special time-lag registering device. The solenoid is 
bent into an arc of a circle and is fixed in the case on the left-hand side. The 
circular core is composed of thin iron sheets, increasing in number by gradual 
steps within the solenoid. 

These iron plates arc insulated from one another with a coating of varnish 
to prevent eddy current loss when used on an alternating current circuit, and 


the section of the armature core is graduated to obtain as uniform a pull as 
possible. The core is carried on the lower arm of a light aluminium frame, 
pivot«d at the centre, and shaped in the fonn of a sector above the horisontal 
axis, round which it can swing. The top portion of the frame supports the 
registering device. This consists of an hermetically scaled glass tube affixed 
to an al»n)inium scale. The form of the tube is readily seen in the illustra- 
tion ; the tube itself is tilled with a viscous fluid, and contains a number of 
steel balls in the circular portion. The curved part of the scale is graduated 
to read in amperes, and the current passing is indicated at any moment by 
the division of the scale lielow the pointer fixed in the top of the ca^e. The 
scale has marked on it three vertical columnti of figures, in the second of 
which the figures denote the amperes, con'esponding to the number of balb 
given in the first column, which have passed round the bend of the tube 
into the radial limb, and the third column gives the units which have to be 
consumed during the quarter, at the supply voltage and maximum current, 
before any rebate is made. 
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The action of the instrument is readily followed. On the passage of a 
current through the solenoid the armature is attracted into it, and the whole 
frame is tilted round the horizontal pivot. The highest part of the circular 
portion of the tube is moved downwards to the right, and any ball beyond 
this point slowly slides down the tube until it passes the bend, and collects 
in the radial leg. The speed of travel of the ball is limited by the viscosity 
of the liquid (oil or glycerine) used. The number of balls in the lower limb 
depends upon the angular deflection of the whole frame, and, consequently, 
upon the current in the main circuit. 

The duration of the current must, of course, be sufficiently long to enable 
the ball or balls to slide past the bend. Temporary short-circuits and 
vibration will not affect the instrument, and, due to its sluggishness of action, 
it will not register increases of current lasting only for a short interval of 
time. 

To prevent loss of time in re-setting the tube, a duplicate scale, with a 
second tube fitted to it, is provided. When the reading has been taken and the 
indicator is to be re-set, the tube is detached from the frame by means of its 
scale, and is replaced by the second set. The one previously in use is then 
hung up on the pivots in the meter cover in the manner shown (Fig. 243), 
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so that the balls return to the starting position ready for use. The scale is 
fixed to the aluminium frame by a hook at the top and a slotted pin at the 
bottom, to which it is locked by a small lever. 

The Flicker MaTiimim Demand Indicator depends on the thermal effect 
of a current. The registration of the maximum demand is effected by means 
of a simple differential air thermometer, illustrated separately in Fig. 244. 
It consists of a tube of uniform bore, terminating in two hermetically sealed 
bulbs, of which the horizontal one A is cylindrical, and is the bulb to which 
heat is applied, and the other B is vertical and spherical in shape. At the 
end B the bore of the tube is closed by means of a globule of mercury, which 
acts as a valve ; and to keep the surface of the mercury clean, hydrogen is 
used as the thermometric substance. 

When a difference of temperature is established between the two bulbs, 
produced by a current flowing in the heating coil with which the bulb A is 
surrounded in the instrument, the enclosed hydrogen gas expands and escapes 
past the mercury valve into the vertical bulb B. After cooling has taken 
place, the gas contracts and draws the mercury thread along the tube from B 
towards A by an amoimt corresponding to the exact transference of gas from 
the heated bulb during the ptwsage of the current. When the instrument is 
cold, i,e, no difference in temperature exists between the two bulbs, either 
on the discontinuance of the current, or when the tube has been removed 
from the instrument and cooled, the ultimate position to which the mercury 
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then travela in the bore is an ciact mea§ure of the maiimum current taken, 
as shown on the scalo attached to the tube. 

A standard 10-ampere iiistrument is shown in Fig. 245, with the case open. 
The theraioiueter proper is mounted in a cast-iron longitudinal box, with the 
cylindrical bulb embraced by the heating coil, which is attached by flexible 
copper stripe to the two terminals of the instrument, which must be filed in a 
horizontal position. A small spring plunger with an insulating wedge server, 
on opening the cover, to press these two copper strips slightly apart, to 
facilitate the removal of the thermometer for reading and re-setting the same. 
The action of closing the lid releases the plunger and causes the heating coil 
to firmly cinbrace and hold the cylindrical bulb of the tvibe. The plunger at 
the same time becomes clamped, and cannot be moved unless the case is 
opened. A small cooling chamber is fitted to one end of the box, and consists 
of a cylindrical vessel surroinided with a water-jacket, its function being to 
rapidly cool the thennometer when a reading is reiiuired. The bulb is placed 
in the cylinder, and after a minute the cooling of the thermometer is complete, 
when the mercury index remains stationary in the tube at a point cor- 
responding to the luaKinnim current taken. The operation of re-setting the 


•Fio. 216. 

tube is very quickly performed. It is held in a vertical position, with the 
cylindrical bulb pointing upwards, and, on slightly tapping the tube, the 
mercury index will descend into the spherical bulb, and the valve will close 
the bore of the tube when it has been replaced in its horizontal position in 
the case. The instrument is then again ready for further use. 

The consumer can read the manimuni demand recorded at any time when 
the instrument is cold before switching on current, and can also easily 
ascertain the state of his present demand, i.e. whether ho is within his 
previous maximum, by examining the tube througli the window on the 
cover. If the mercury index be visible at all, the current flowiny; will be 
below this manimum ; if, however, it be not visible in any part of the tube, 
then tlie previous demand has been reached, and possibly exceeded. 

It follows, naturally, from the thermal sluggishness of the principle 
involved, that increases in the current strength of short duration will not 
produce abnormal registrations, as a current slightly in excess of a former one 
requires the full time to heat up the instrument. The time lag of tbe 
indicator can also be suitably increased, by increasing its capacity for heat, 
to apply it to the registration of the maximum currents laikea with motor 

The Season Company'B Mi^Timiini Demand Indicators. — The inaiimum 
demand indicator, invented by Mr Arthur Wright, and made by the Reason 
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Manufacturing Co., Ltd., Brighton, ib in principle a differential recording 
thermometer which registere the thermal effect of a current. 

A view of the demand indicator, with the case removed, is given in Fig. 

246, and is the standard type for capacities of 2J to 35 amperes. It consists 

of two hermetically sealed bulbs, of approximately the same size, united 

tt^ether by a U-tube, filled with a solution of atronf; sulphuric acid. Attached 

to the right-hand limb of the U-tube is a third tube, to which the scales are 

filed. The liquid employed as the thermoraetric 

substance is chosen on accoimt of it« hygroscopic 

character, in order to keep the air in the bulbs 

free from aqueous vapour. The left-hand bulb 

is wound with a heating coil, which is traversed 

by the current taken by the installation. The 

heat so generated by the current in the coil 

gradually causes the air to expand and to 

depress the liquid column in the left-hand limb 

of the U-tube, so that it rises in the other 
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limb and slowly overflows into the reading tube. The height to which 
the liquid finally rises in this tube indicates the maximum value of the 
current which has passed through the coil, and is independent of the nature 
of the current, so that the instrument works equally well on an alternating or 
direct current circuit. The tubes are very carefully annealed, to tree the 
parts from internal stress and eliminate the possibility of secular charges. 
They are, in addition, constructed with a number of traps in each limh, as 
illustrated in Fig. 247, which represents one of the latest makes of tube. C 
and D are the two air bulbs, the middle tube is the reading tube in which the 
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overflow collects, and the trapa are shown at F, H, and K. The object of 
these trapa is to prevent any transference of air from one bulb to the other 
during transit, or when the instrument is re-set while hot, and during the 
passage of a current. The tubea are carried on a board, which can be tilted 
about the huiged terminals, so as to allow the liquid to flow completely out 
of the reading tube into the right-hand bulb when the inatrumeut is to be 
re-set to zero. 

The two acales provided with the instniment indicate on the one the 

maximum current used in amperes, and on the other the units which have to 

be consumed in a given period before the reduced charge is made ; these 

latter figures are set opposite the corresponding number of amperes. In 

those cases in which the duration of the high tariff does not remain constant 

during the year, as when the high rat« is 

charged for a greater number of hours 

per month in the winter than in the 

summer, the instrument has a separate 

winter and summer scale of iinit«, either 

of which is used at the proper season. 

The scale of the instrument is long, 
and open in the working range between 
full load and one-fifth load. The cali- 
bration does not extend below this point, 
aa the scale contracts, with a correspond- 
ing diminution of sensitiveness, when this 
value has been reached. 

The error due to temperature varia- 
tions of the surrounding air is almost 
negligible, except below one-fifth load and 
imder abnormal conditions, as botli bulbs 
are subjected in the same degree to 
these atmospheric changes ; moreover, the 
measurements of the instrument depend 
only on the difference in temperature 
between the two bulbs. 

The natural sluggishness of the instru- 
ment, which depends on the specific 
Fio. 248. heat of the coil, the glass bulb, and the 

enclosed air, is increased by placing a 
cylinder of iron in a pocket in the heating bulb, t« adapt the indicator for use 
on arc-lamp and motor loads. The extra capacity for heat of the iron causes 
the indicator to record as slowly as may be required. 

Froni the thermal principle involved in the instniment, it follows that 
when the passage of a current has been stopped, the instrument gets quite 
cold, and a subseijuent current require.t the full thne to heat the parts and to 
produce a steady temperature. The danger is then eliminated of a current a 
little higher than a previous one, but of short duration, causing the abnormal 
registration. 

For heavy continuous-current work, the indicator is supplied with a shunt, 
an illustrated in Fig. 248. 

For measuring the maximum demand of a three. wire installation, a special 
arrangement, due to %it J. R. Dick, is used. The instrument is then fitted 
with two equal resistances of very low value, to the common junction of which 
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IB connected the neutral wire of the syBtem, and the heating coil of the 
indicator is joined across the ends of the two rcHiatanccB in sericB, ae Hhovn 
diagrammatically in Fig. 249. 

It follows, very simply, that the current in the indicator will always he pro- 
portional to the sum of the currents in the outer mains. 

Referring to the diagram (Fig. 249), V^ and Cj denote respectively the 
currents in the outer conductors, and A is the curl^nt in the heating coil of 


"W^ 


e 

+ 


the indicator ; C, and C^ are respectively the currents in the two equal re- 

s K It, and r is the resistance of the indicator strip. 


Ai- = C5R + C^K. 

C, = Og + A. 

Ca = C44A. 

r = R{C, + Cj-2A). 

-p^p<'^. + c,). 
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That is, the current in the indicator is always proportional to the Bum of the 
positive and negative currents, and one inBtmment can be used, with gain 
both in accuracy and economy. 

The Reason Manufacturing Company have recently introduced two new 
types of demand indicators, one bused on the electro-magnetic principle, and 
the other devised by Mr C. H. Morz, for supply-in -bnlk schemes, and baaed 
bn the principle of interinittent integration. The latter apparatus is an 
additional attachment to an ordinary ampere-hour or watl^hour motor meter, 
and consists of a pointer driven by the meter train, a maximum demand dial, 
and a clock which periodically re-seta the driving mechanism to zero. The 
first wheel of thin driving mechanism is in meah with the ordinary meter 
train, and rotates a spindle by 
means of a ratio wheel through 
a given angle in the period 
which elapses between the 
moments when the mechanism 
is re-set to zero. The ratio 
wheel is such that it nearly 
gives a complete revolution of 
the demand pointer, with the 
full load current flowing for 
one hour. The pointer is held 
in its maximum position by a 
small pawl, which prevents its 
being returned to the zero 
position by the automatic re- 
setting of the mechanism. At 
the end of each month the 
meter reader returns the 
pointer to its zero stop after 
releasing the pawl. On a 
fluctuating load the dial re- 
cords the maximum consump- 
tion per hour during the time 
the meter is in circuit, and, 
whatever the instantaneous 
load, only the maximum aver- 
Fic. 260. aged over one hour is regis- 

tered. 
The electro-magnetic demand indicator made by this company is illustrated 
in Fig. 250. It conuists of a xolenoid, through wliich the main current 
passes, and into which a plunger is attracted. A g\&aa vessel containing a 
liquid forms the registering part of the instrument, and is tilted by the motion 
of the plunger. When this happens the liquid gradually flows through the 
constricted portion of the U-tube, and collects in the vertical reading tube to 
which the scali-s are aftixcd. By suitably altering the constricted part of the 
U-tube, the sluggishness of registration of the instrument can be varied, so 
that a full reading is not obtained until the current has been on for the 
desired interval. 

The period for complete registration can, in fact, be adjusted between the 
limits of five minutes to three hours. A small quantity of liquid at the 
bottom of the reading tube serves to mark the zero reading when no current 
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is passing. The height of the liquid in the vessel is such that it overflows 
into the reading tube as soon as any tilting occurs. The tube is mounted on 
a pivoted zinc plate, and can be accurately set to zero by means of an adjust- 
ing counterweight. 

Two springs are also provided to take up the shock of the sudden impetus 
imparted to the plunger on the passage of an excess current due to a short- 
circuit. Only a slight rise in the reading is observed on a short-circuit, except 
in the case of those instruments which have been made specially quick-reading 
for specific purposes. 

To re-set the instrument to zero the tube carrier is turned counter-clock- 
wise, after slacking the thumb screw immediately above the solenoid. When 
the tube has been thoroughly drained, the tube carrier is returned to its 
original position, and the screw is again tightened. 

Gren^:^ Description of Two-rate Meters. — A double-tariff or two-rate 
meter is an ordinary meter, suitable for either direct or alternating currents, 
or both, and is fitted, in general, with two integrating mechanisms and a 
change-over device, by means of which the two integrating trains are 
alternately connected to and disconnected from the revolving armature 
spindle ac<x)rding to the particular tariff in vogue, the interchange between 
the spindle and either counter being electrically or mechanically effected by 
means of a time switeh. The one integrating mechanism registers only 
during the high-rate and the other during the low-rate periods, so that the 
energy consumption at each rate is separately shown. A simple device 
is also used to indicate which counter is operating, and at which tariff. Two- 
rate meters, as will be seen from the above definition, may be divided into 
two classes, namely, electrically and mechanically operated two-rate meters. 
In the former case the meter and the time switeh form two separate instru- 
ments, and are connected together by electrical means only, whereas in the 
latter case the time switeh is mounted with the meter on the same base, and 
mechanically controls the change-over gear. In both types, however, the 
only modification introduced into the meter is in connection with the 
registering part. 

The time switeh, or, as it is variously termed, change-over clock, and 
double-tariff clock, is simply an ordinary clock, which at definite moments 
changes either electrical contacts, or alters the position of a mechanical change- 
over gear. In some cases the clock is fitted with an electrical, automatic self- 
winding arrangement. 

Deutsch-Bussische Tariff Metenk — A very interesting series of tariff 
meters is manufactured by the Deutsch-Russische Elektricitatszahler-Gesell- 
schaft, Germany. For the ordinary double-tariff system, in which the low and 
high rate units are separately registered on two distinct counters, the com- 
bination used by this company is illustrated diagrammatically in Fig. 251, 
and consists of a time switeh U, their ordinary meter Z, and a special set of 
test terminals P, mounted together on one common slab G of slate or marble. 
The test terminals P are usually supplied with the tariff meters, as they but 
very slightly add to the cost of the set of apparatus, and greatly facilitate 
testing in situ, and replacing the meter, if necessary, without interfering with 
the current taken by the particular installation. The meter proper, which in 
the illustration given is this company's special continuous current type, is 
fitted with two integrating mechanisms and a change-over gear, electrically 
operated and controlled by the time switeh. An exactly similar arrangement 
is adopted with their alternating current meter. The pawl S, which is 
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actuated by the relay of the meter proper, drives, at a speed proportional to 
the rate of rotation of the copper brake disc, both the spindle W of the 
counting mechanism and, through this spindle, the connecting gear K. This 
coupling lever is normally held by a spring in the position in which its right- 
hand pinion gears with the toothed wheel of the right-hand integrating train 
which registers the kilowatt-hours at the ordinary or low tariff, until the 
clock contact C U is closed. When this takes place at the commencement of 
the high- tariff period, the electro-magnet r becomes energised and attracts its 
armature Ar, the motion of which causes the coupling gear K to become 
disengaged from the right-hand counter, which now stops, and to gear with 
the left-hand one, which is driven and indicates the units consumed during 
the tariff time set on the clock. When this tariff time terminates, the right- 
hand counter again becomes operative. A small coloured disc or indicator 
appears above the figures on the dial, as shown in the diagram, indicating at 
once which counter is registering and the tariff in vogue, as each dial is 
separately marked to indicate the tariff at which it registers. The time 
switch U is a hand- wound, forty-day pendulum clock, and is usually wound up 
once every three or four ^ 

weeks by the meter in- ^ ^ Jl/'' T J 

spector when he takes the 
meter readings. The clock 
is provided with a twenty- 
four - hour dial, which is 
divided into two equal white 
and black sections, to differ- 
entiate between the hours 
of day and night. The 
hour hand has attached to 
it the brush contacts to 
make and break the circuit 
of the electro-magnet r at 
the commencement and ter- 
mination of the high-tariff period, which is set by iideans of the hands 
A and E. 

The tariff time can be regulated between the limits of one and twelve 
hours, and the simplest method of setting it is to adjust the hands A and E 
to the time interval, during which the high rate obtains and the left-hand 
counter is coupled to the meter proper, and to turn the A-hand to the 
starting time, when the other hand travels round and the adjusted interval 
remains fixed. 

The hour hand and the limit hands, A and E, are shown somewhat more 
in detail in Fig. 252, and before adjusting the tariff period the brush holder 
on the hour hand is turned through a right angle in the direction of the arrow 
a, so that, when the hands A and E are moved, the brushes are not damaged. 

In contrast to the above, this company also manufacture a mechanically 
operated two-rate meter, which consists of the meter proper in mechanical 
connection with a time switch and a double-tariff integrating mechanism, the 
combination forming one complete instrument, as illustrated in Fig. 253. 
M is the minute hand, A and E are the two hour dials for the tariff time, P 
is the stationary hour hand, and P, and Pg are the tariff hands, attached to 
two cams, loosely pivoted on the axles of the hour dials. The .left-hand 
counter is for the low-tariff units, the right-hand counter gives the consump- 
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uon during the high-rate period, and a red indicator shows which counter is 
r^Btering. 

The operation of the time switch and chaDgeMiver gear will be UDderstood 
by reference to Fig. 254. The hour dials are driven from the pinion ' 3 ' on 
the axle of the minute hand through the pinion ' 5 ' and the toothed wheel ' 4,' 
and on the ailea of these dials are the cams '8,' held by friction. The 
revolutions of the meter spiudle are transferred to the toothed wheel '11' 
through a worm and a worm-gearing. The axle of this wheel is pivoted at 
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'6,' and carries at its ends the two pinions '12' and '13.' According to the 
position of the rocking bar '17,' and its arms '18' and '19,' either the 
pinion '12' is brought into gear with the driving wheel of the low-rate 
integrating train ' 14,' or the second pinion ' 13 ' is caused to mesh with the 
driving wheel of the high-rate counter ' 15.' 

The lever 'IT' is pivoted at '20,' and is cross-connected through the 
bridge-piece ' 23 ' with the second lever ' 21,' pivoted at ' 22.' The toe ' 26 ' 
of the lever ' 21 ' ia held pressed against the cam ' 8 ' of the right-hand dial E 
(Fig. 253) by means of a strong spring attached to the bridge-pieoe ' 25,' and, 
in a similar manner, the toe ' 27 ' of lever ' 17 ' ia held against its cam, but by 
a weaker spring. When the toe '26' of the lever '21' falls below th« 
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ptx>jection of the right-hand cam ' 8,' the bridge-piece ' 23 ' pushes the lever 
'17' away from its cam, and the low-rate counter ' 14' will be driven until 
the high-tariff period ia reached. The toe of the lever '17' will then engage 
with ita cam, and the high-rate counter ' 15 ' will become connected and will 

The' clock ia set to 
the time of daj by 
turning the knob of the 
minut« hand M (Fig. 
253) until the correct 
hour on the hour dial 
A stands below the fixed 
pointer P, and the 
minute hand is either at 
or between the minute 
figures 15, 30, 45, CO. 
The commencement of 
the tariff time is set 
b; rotating the knob 
on A clock wine until 
the hand P, pointtt to 
the desired hour, and 
the termination of the 
tariff interval is set in 
the same manner by 
means of the hand Pj 
on K As soon as P, is 
vertically below the 
stationary hour hand 
P, the right • hand 
counter is coupled to 
the meter spindle and 
registers the units taken 
at the high tariff until 
the pointer Pj comes 
into the vertical posi- 
tion, when the left-hand 
counter is again driven. 
The tariff ^nds must 
always be rotated clock- 
wise, and, to prevent 
damage to the clock, 
the knobs, if turned in 

the contrary direction, *■'"■ ''^^■ 

slip without carrying 

the hands with them. The window in front of the dial is hinged, so that the 
clock may be wound and the hands set without the necessity of removing the 
meter cover. 

Wheu a uniform tariff is in vogue the clock can be entirely disconnected 
by moving to the right the lever ' 28 ' (Fig. 254), whereby the escapement of 
the clock is held by means of a light spring. 

Id oonnectioD with the systeoi of charging, the principle of which is that 
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a certain number of units must be consumed before a rebate is made, and 
which has already been explained on page 212, this company use in addition 
to their meter a special step-tariff apparatus. Fig. 255 represents their 
D.T.S. type of tariff meter for this purpose. In this case the meter proper, 
which in the illustration given is their continuous current type, is not in any 
way modified, and registers in the ordinary manner the total units consmned. 
Below the meter is the special step-tariff apparatus, which registers only those 
units which are consumed above a certain load, about 30-40 per cent, of the 
full load capacity of the installation. The tarifi' is fixed according to the 
amount of this consumption. This system can be extended and several such 
step-tariff counting mechanisms used with the meter. In the case of two 
counting trains, the one step-tariff indicator will give the upper two-thirds of 
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the load limit, while the top third of the load limit will be given on the 
other, and the meter proper will register the total units consumed. 

A diagrammatic representation of the step-tariff apparatus is given in Fig. 
256 ; it consists of a counting train Z, which is actuated by a pressure relay 
P exactly similar to that in the meter. These two relays are connected in 
series in the pressure circuit, so that when current flows round the meter 
relay, the one in the tariff instrument is also energised. The pawl K 
between the relay armature and the coimter Z is made dependent upon a 
heavy current electro-magnet S, and it is only when the armature of the 
latter has been drawn in a certain amoimt, corresponding to a definite load, 
that the pawl K is free to move. 

When this happens the motion of the pressure relay is transferred to the 
integrating train Z in exactly the same way as that in which the meter 
counter is actuated, and the kilowatt-hours consumed after the lower current 
limit, say 30 per cent, of the maximum, has been passed, are in this way 
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regiBtered on the step-tArilT apparatus. The heavy current electro-magnet S 

can be adjusted within wide limits by turning a screw on the left of the 
apparatus by means of a key T supplied with the instrument. Turning this 
key clockwise retards the action of the relay S, which will now require a 
stronger current to actuate it. In the tariff system introduced at Halle by 
A. Jung, an hour meter is used in connection with the watt-hour meter 
instead of the step-tariff instrument, and indicates the hours (not kilowatt- 
hours) during which the consumer uses current at loads equal to at least 
sne-holf of the maximum in regular daily use (see page 215). 

The Electrical Company's Two-rate Meters.— The time switch of the 


Electrical Company, Ltd., I^ndon, is illustratai in Fig. 257. It consists of 
a SSnlay pendulum clock, with the whole of the switch gear arranged in front 
of the clock face. The targe dial A of the clock proper is divided into two 
equal day and night portions, the latter being coloured black. The actual 
time is denoted by the minute hand M and the hour hand H, the latter com- 
pleting one revolution in twenty-four hours. 

Above the time dial is a second smaller one B which rotates with the 
hour hand, and the tariff period is set on this dial by means of a red hand R 
and a green hand G, affiited to two cams. These cams rotate with the dial B, 
and can be displaced relatively t« it. In the course of the revolution of the 
hour band, when the latter indicates on the time dial the hour at which the 
tariff change comes into effect, these cams break contact between the springs 
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F, and Fj and establiah contact between Fj and F, , or the reverse takes place. 
The cam to which the red pointer ia attached is set to the commencement of 
the tariff time on the dial B, and the termination of this interval is fixed by 
the green hnnd on the second cam. After regidating the tariff period the 
clock is set to the time of da; in the usual manner. It will be noticed that 
the clock has three spring con- 
" "^ ■ ' " tacts, F, , F,, and F,. 

These three oontacta are 
necessary when the time switch 
K used to electrically control 
a separate counting mechanism 
with this company's oscillating 
continuous current meter for a 
double-tariff system, in which 
the meter proper registers the 
total unite consumed. 

Fig. 258 is an illustration 
of the combination of apparatus 
used in this case. The meter 
itself is not modified in any 
way, and registerB the total 
consumption. Between it and 
the time switch, mounted on 
the top of the slate or wood 
base, is the tariff apparatus, 
consisting simply of a second 
counting mechanism exactly 
similar to the relay counter, 
characteristic of this meter. 
The rebate instrument is con- 
nected iu series with the time 
switch and in parallel with the 
meter counter. It only regis- 
ters during the high-rate period 
set on the tariff clock. The 
advantage of this system is 
that the consumer can at any 
moment determine not only the 
whole amount of the energy 
he has taken, but also the 
energy taken at the high rate. 

If this method be employed 

with any other type of con- 

Fio. 25S. tinuouB current meter, or on 

an alternating current supply 

circuit, two meters have then to be used, for which tlie one registers the 

total and the other the high-rate unite. 

In conformity with the general two-rate system, the Electrical Company 
also manufacture double-tarilf meters for either continuous or Alternating 
current, in which case each meter is fitted with two cyclometer counters and 
an electro-magnetic change-over gear. The same time switch is used, but it 
has two contacts instead of three, and electrically controls the operation of 
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either counter throu^^h the rekiy and connecting gear, by which the ooe 
counter revolves during the high-rate time aiid the other when this time has 
been passed. The relay and time switch are connected in series across the 
supply circuit. An illustration of this company's douhle-tariff meter and 
time switch is also given in Fig. 259. 

The General Electric Company's Two-rate Heter. — The two-rate 
meter of the General Electric Company, U.S.A., consists of their -oidinary 
Thomson meter and a controlling clock in a separate case, the two being 
electrically connected, as illustrated in fig. 260. 

The clock, shown separately with the cover off in Fig. 261, is auto- 
matically wound by means of small dry batteries contained in the same case. 


T 


Flo. 260. 

The clock lm« the hours from 1 to 12 for the day and night engraved on 
a metal piute. Above this plate are two pointers, by means of which the 
time for the change from each tariff to the other is set as in an alarm clock. 
The operation of the device is very simple. Uiiring the normal period ot 
high tariff' the armature of the meter rotates at full speed, corresponding, 
of course, to the main current flowing, and the full amount of the energy 
delivered is registered. At the hour when the predetermined low tariff 
comes into effect, the clock automatically inserts in the armature circuit an 
additional resistance moimted with it. This resistance is so proportioned 
that the moving element ot the meter will now rotate more slowly than it 
ordinarily would, and at a speed reduced in the ratio of the low to the high 
tariff, e.g. if the ratio of the low tariff to the high tariff be }, then the speed 
will he one-half what it otherwise would be. The low speed will continue 
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until the end of the low-tariff period, when the clock automatically cuts out 
the resistance, and the meter then rcgist«n at it« normal rate aa before. 

■ The meter has only one dial, and this dial always shows the number of 
unitii chargeable at the established, or high, tariff. It, therefore, does not 
record the true amount of the energy taken during both periods. 

It ia intereatiog to note here that the meter is an actual two-rate meter, 
rotating, as explained, at two different speeds, depending upon the particular 
tariff in vogue. It may be used on either direct or alternating current 
circuits, interchangeably, and whatever the frequency of the alternating 
current. It is, further, independent of whether the circuits are shut down 
for a portion of the time or not. The rotation of the meter can be checked 
by observing the revolutions of the brake disc, visible through the window 
provided for this purpose in 
the meter cover, so that the 
change of speed from one 
rate to the other may be 
verified. 

The estimate of the 
amount chargeable to a 
customer ior the energy 
supplied is readily and 
simply calculated. The dif- 
ference between the two 
meter readings, taken at the 
commencement and the end 
of a quarter, givea the units 
to be charged for at the high 
rat«. The number of units 
multiplied by the high-rate 
charge will, therefore, repre- 
sent the anlbtfiit of the con- 
sumer's bill. 

This can be easily shown 
aa follows : — 

Let n, denote the actual 
number of units consumed Fia. 2BI. 

during the high -tariff periods 

of a quarter; n, denote the actual number of units consumed during 
the low-tariff periods of the same quarter; N denote the total number of 
units registered by the two-rate meter in this time ; jij denote the number of 
these units registered by the meter during the low-rate periods of the 
quarter ;' c, denote the high-tariff chaise per unit ; c, denote the low-tariff 
charge per unit ; A denote the amount of the bill. 
Then A = c,nj + c^n^ 

-c,K+a.„j . . . . (i) 

Also N = », -n»3 (ii) 

Since the met«r runs during the low-tariff periods at a speed reduced in the 
ratio of the low to the high tariff, 

ng='j.nj (iii) 
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From (ii) and (iii) it follows that 


and, therefore, inserting this in (i), 

A = Ci.N. 
Hence the cost of the energy chargeable to the consumer is the product of 
the units, aa registered on the dial, multiplied by the established or high rate 
per unit. 

The Hookham Two-rate Meter is the ordinary continuous, or alternating. 


Fia. 262. 

current meter, modified as regards the integrating mechanism only, and is 
used in connection with a time switch. Fig. 262 is a front -riew of the 
instrument for continuous currents. In either case it is fitted with two sets 
of dials, the lower one of which registers the ordinary, or low-tariff, units, and 
the upper one the units consumed at the high rate of charge. A small index 
finger indicates by its position on the face of the dials which set ia in 
operation, and the nature of the tariff. The change-over from the lower to 
the upper dials is made electrically bv means of a solenoid, controlled by a 
time switch, the solenoid being placed as a shunt direct across the supply 
mains. 

It will be seen from what follows that this shunt circuit only takes 
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current during the time when the high rate is effective, so that the energy 
loss due to it is small. The general arrangement of the solenoid and change- 
over gear is clearly depicted in Fig. 263, which gives a diagrammatic represen- 
tation of the meter. The solenoid L is contained in a small box K, which is 
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fixed to the meter case, and its core M is suspended within the coil by the 
spring M'. At its lower end the core carries the U-shaped iron strip N, by 
means of which it is attached to the rocking bar G. This bar G is pivoted 
at H, and carries the driving wheel F, which is always in gear with the wheel 
% and, according to the position of the beam, meshes either with the first 
motion wheel V of the lower integrating train, or with the first motion wheel 
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I of the upper set of dials. The armature revolutions are conveyed in the 
ordinary manner from the wurm on the armature spindle A to the horizontal 
wheel B, and through the worm on the spindle of the latter to the pinion D by 
means of a second wheel and pinion not shown in the diagram. The pinion D 
drives, through the wheels E and F, cither the top or bottom registering train. 
The beam G also carries the counterweight ii' and the index pointer, and ita 
motion is limited by the stops H'H'. 

During the low-rate periods no current flows through the solenoid, and the 
tension of the spring and the weights of the core and of the counterbalance 
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are so adjusted that the beam throughout this time rests against the lower 
stop H'. In this manner the wheel F meshes with I', and the revolutions of 
the meter are transferred to the lower set of dials, and the low-rato units are 
registered. When the high-tarifT time commences, the time switch closes the 
solenoid circuit, the core is sucked up into the solenoid and held there, and 
causes the driving wheel to engage with the first motion wheel I of the upper 
dials, which then register the units consumed at the high rate. This con- 
tinues until the termination of the bigh-rato period, when the shunt circuit 
is opened and the rocking arm falls by gravity back to its original position, so 
that the driving wheel is again in mesh with the low-rate dials, 

SiemenB-Schuckert Double-tariff Meter. — ^In Fig. 364 is given a view of 
the Siemens-Schuckert three-phase meter, type F.U., adapted to double-tariff 
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purposes. The meter differs only from the ordtnar; type, described od 
page 203, in having two eeta of couuting mechanisms aod a change-over 
gear, actuated by a double electro-magnet, which, in turn, is controlled by a 
time switch. The one counter registers the units at the low rate and the 
other at the high rate of charge, and the connection between the meter 
spindle aud either train of wheels is made by the change-over device. This 
latter is, of course, applicable to any of the type of continuous and alternat- 
ing current meters manufactured 
by this company. A pointer on 
the front of the dial face very 
clearly indicates by its position 
which counter is registering, and 
at which tariff. The time switch 
is separately illustrated in Fig. 
265, and is a pendulum clock, 
fitted with an electrical self-winding 
gear. The method of operation will 
be readily followed by reference 
to these illustrations and to the 
diagrams in Figs. 266 and 267, 
of which the former is a diagram- 
matic representation of the change- 
over contacts of the clock, and the 
latter a diagram of connections 
for a two-wire continuous-current 
double-tariff meter. The dial of 
the clock is furnished with two 
sets of holes ; those in the outer 
circle are for setting the com- 
mencement and those in the inner 
circle for setting the end of the 
tariff period, by means of two 
milled - headed, change - over pins 
inserted in them. 

At the right-hand end of the 
edge of the base of the clock is a 
stationary red pointer (not shown 
in the illustrations), to which the 
clock is set to the actual time by 

rotating the time dial in a clock- 

wise direction. When the clock is 

going the dial rotates, and with it ^"'- ^''■ 

the milled-headed, change-over pins, 

and these in turn come into contact with a small lever K (Fig 266) on the 
axle of the change-over lever U, which is moved either to the right or to the 
left. The two arms of this lever U each carry a small half-round pin. As 
either arm of tlie change-over lever U impinges against the contact balance 
lever W, its half-round pin first strikes against and slides on the flat etionite 
surface a 6 of the balance lever W, and after a short interval makes contact 
with a meUl strip on the balance lever, and closes the circuit of one or other 
of the electro-magnets of the counting trains of the meter. The pin then 
breaks contact, and continues sliding for a short time ou the curved surface 
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of the balance lever, tilting it until it is rapidly drawn over to the other side 
by means of a spring. The counter, which by this operation has been 
brought into gear with the meter spindle, registers until the second electro- 
magnet is energised in a similar manner. The meter is thus made to drive 
one or other of the two counters according to the setting of the clock, and it 
will be seen that the electro-magnets, through the agency of which this result 
is effected, are only energised for a short time in this way, so that they do not 
take current continuously. 

The time switches are so arranged that, when they have been uninter- 
ruptedly connected to the supply for four to six days, they will keep going for 
twenty to thirty hours after the pressure 
circuits have been disconnected. If they 
be then again placed in circuit, the clock 
spring will be re-wound automatically . 
by the electric winding gear of the 
clock. If, however, the interruption of 
the supply be of such a duration that 
the clock finally stops, it must be re- 
started by hand by pressing downwards 
the winding lever A (Fig. 266) about 
twenty times, each time allowing it to 
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Fig. 267. 


return to its initial position, when the pendulum is set swinging. The 
winding lever A is not used to re-start the clock if it has stopped through 
any cause other than a long interruption of the circuit. 

Referring to the diagram of connections (Fig. 267), £ is the electric motor 
which winds up the clock, U is the change-over lever, and W is the contact 
arm of the time switch. R is the double relay which actuates the counters of 
the meter, which in the diagram represents the continuous current type. 

Fig. 268 represents a modified form of the time switch with electrical self- 
winding gear, and Fig. 269 is the hand-wound double-tariff clock manu- 
factured by this company. 

The Aron Two-rate Meter is a combination of an ordinary clock with an 
Aron meter, differing in no particular detail from the usual type. 
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The two instrumente are in mechanical connection with one another, and 
are mounted together in one case, as illustrated in Fig. 270. The meter 
proper is furnished with two eeta of dials, and a changeover gear fitted to 
them. By means of this gear, either the top or bottom set of counters 
will register according to the setting of the clock. The one set usually 
denotes the consumption during the evening-rate periods and the other that 


during the day, when the lower tariff is in vogue. The total amounts of the 
energy delivered on each tarilf are thus separately recorded, and the consumer 
can readily check the figures for himself. An indicator is also provided on 
the meter (seen in Fig. 270), and shows which set of dials is in use, and the 
whole arrangement is clearly visible through the windows. To the left of the 
meter (Fig. 270) will be seen the tariff clock. It operates the change-over 
gear on the meter dials. At the hour when the high tariff comes into effect 
it disengages the day-rate counting train from the main driving axle of 
the meter, and brings the latter into gear with the evening-rate counter; 

IS 
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at the hour when the evening rate ceaaee, it reatoree connection with the low- 
rate counter and disconnects the other set. The clock ie electrically wound, 
but ia not electrically connected with the meter proper. The face of the 
clock has five sets of dinla, shown in Fig. 271. The centre dial is an 
ordinary twelve-hour dial. The top left-hand one has twenty-four divisions 
and revolves once in twenty-four hours, indicating whether the hours are those 
of the day or night. The right-hand one indicates seconds, and is for the 
pnrpoee of facilitating the regulation of a niiuibcr of these clocks. 

The two Iwttom dials are for setting the tariff time. They have twenty- 
four divisions marked on them, and give the hours for day and night 
respectively. Tlie pointers of these dials can be revolved in a counter- 
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clockwise direction, and so set at any time by hand, the one on the left dial 
generally denoting the beginning and that on tlie right dial the end of the 
high-rute period. The night and day hours are distinguished by the black 
and white markings on the dial centres, 

The Double-tariff Heters of the Compagnie pour la Fabrication dec 
Gompteurs, FariB, consist of their ordinary Thomson, O'K., and A.C.T. 
meters, each of which is fitted with a double-train gear, and ia mechanically 
combined with a change-over clock situated at tlie top of the instrument 

In Fig. 272 is a view of this company's continuous current meter, type A, 
arranged in this manner for double-taritf purposes, very clearly showing the 
clock and the two dials, of which tlie one registers the low and the other the 
high rate unite. These dials are dilFerently coloured to distinguish between 
the tariff and a suitable indicator shows which dial is registering. 
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FigB. 273 and 274 are reBpectively a front and side elevation of their 
A.C.T. double-tariif meter, giving more in detail the construction of the clock 
and the change-over gear. 

The clock, when fully wound, will run for thirty-two hours, and has two 
dials, of which the outer one A is fiied, and the centre one B is rotated by the 
clock mechanism once in every twenty-four hours. The night portions of the 
dials from 6 o'clock p.m. to 6 o'clock a.m. are coloured black, and half- and 
quarter-hour subdivisions are marked on them. The hour hand G is fixed 
on the centre dial B by the two brass knobs ¥ and J"; it indicates at every 
Dioment on the outer dial A the actual time. The taritT time is set on B by 
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means of the two levers L and L', situated in the annular apace between the 
two dials. 

They ore lightly pivoted on tlie centre axle C of the clockwork and rotate 
with the dial B, their position relatively to which can be altered at will to 
make any change in the tarilT period. 

At the instant when the hour hand E passes the time on the outer circle A 
corresponding to the appointed hour for the change in the tariff, us indicated 
on B by one or other of the levers L and L', the heel of this lever impinges 
with it« inclined surface on the knob S carried on the top of the stirrup P. 
This stirrup, together with the rocking bar G, is pivoted on the horizontal axle 
at D. A horizontal pin D', between D and S and passing through the forked 
end of the bar G, rigidly conuects the latter with the stirrup. Two springs R 
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and R', both of which are visible in Fig. 275, arc attached at the one 



\ rrr^jso 



iiuBiait 


Fig. 274. 


end to P, above the pivot, and at the other end to D". The knob S is slowly 
tilted by the heel of the lever L, or L', and the springs R and R' become 
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Btretched, the rocking bar G remaining stationary until the pin D' has crossed 
the vertical plane passing through D and D". As soon as this happens, the 
springs suddenly pull over the stirrup and with it the pin D', which causes the 
rocking bar G to rapidly slide the two pinions at K along the spindle J, 
which is driven by the main meter axle. One or other of the pinions is thus 
caused to gear with a corresponding ratio wheel of one of the two integrating 
trains, and this counter will now register. When the hand E approaches the 
other limit of the tariff period, exactly the same action ensues; the other 
counting train will revolve, and the previously operative one will be dis- 
engaged from the meter proper. 
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A very rapid and reliable change-over is effected in this manner. 

This company also use a time switch to control either two meters or two 
groups of meters, so that the energy consiunption is separately registered 
according to the time of day. The time switch is shown in Figs. 275 and 
276, and its action and clock mechanism are exactly the same as in the 
description just given. Instead, however, of operating upon a mechanical 
change-over gear, the clock actuates a two-way switch, the rocking bar G now 
taking the place of a switch contact-arm. This copper arm G has a silver 
contact at its lower end, with which it bears on one or other of two silver 
contact studs, according to the direction in which it is moved. These two 
studs are connected to the terminals g and d of the time switch, and the 
terminal m is joined to G. 
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Above the studs are two small silver strips, which make a spring conoection 
between the studs and the switch arm to ensure good contact and to avoid 
sparking. 

The connection between the time switch and the meters which it controls is 
made by joining the shunt tonninals of the meters of the one group and those 
of the other set to the terminals g and d respectively, the middle terminal m 
being connected to that supply main which does not pass through the meters. 
If the contact arm be on one of the studs, say that one connected to the 
terminal g of the time switch, the meters, the shunts of which are connected 
to g, will register, and those connected to d will stop, as their shunt circuits 
will be broken. When the ami 
passes to the other contact stud, 
it will open the shunt circuits 
of the meters which have just 
been registering, and will close 
the circuits of those which have 
now to operate. 

The Bat Meter Company, 


Fro. 378. FiQ. 377. 

the British Thomson. Houston Company, and the Danubia .\ctiengesellschaft, 
Vienna, nee exactly the same mechanical combination in connection with 
their two-rate meters, and the time switch for electrically operating two 
systems of meters. 

Lozflche Indufltrlewerke Double-tariff Meter. — For a two-rate Kystem in 
which the high-rate and the low-rate units are separately registered, the 
Luxsche Industriewerke, Munich, manufacture a special double-tariff instru- 
ment, which is used in electrical connection with any type of motor meter. 
This two-rate instrument is illustrated in Fig. :377, and consiata of two 
integrating counters, an electro- magnetic relay, which actuates a driving 
|Hnion or train of wheels, and a time switch, by means of which the pinion or 
train is caused to gear alternately with one or other of the two counters, 
according to the tariff in vogue. To adapt the meter proper for use with the 
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apparatus, it is only necessary to provide the armature spindles with a non- 
sparking contact device, and to remove the ordinary counting train. 

The method of operation is very simple, f^h time the meter has 
executed a definite number of revolutions the contact maker is closed, when 
the relay becomes energised and actuates the integrating counter to which 
it happens to be connected. In this manner the revolutions of the armature 
spindle are conveyed to one or other of the two integrating mechanisms and 
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the units registered. The contact maker is closed for a very short interval 
only, when it is again broken, so that the energy consumption is small. The 
interchange between the relay mechanism and either counter is effected 
mechanically by the time switch, which is arranged either as a hand-wound 
45-day clock, or is fitted with an electrical, self-winding gear. 

Referring to Fig. 277, P^ and Pg are the two tariff pointers, which rotate 

with the central dial, but can 
be moved relatively to it for 
setting the commencement and 
termination of the special tariff 
time. P is the stationary hand 
for reading the time of day, and 
the clock is set by rotating the 
dial until the correct time ap- 
pears opposite the pointer. 

Hour Meters. — An hour 
meter consists simply of an 
ordinary hand-wound, balance- 
wheel clock, the function of 
which is to register on a dial 
the hours during which current 
flows in an installation to which it is connected, irrespective of the magnitude 
and variation of the current or voltage. The escapement of the clockwork 
is held either mechanically or electrically until the passage of a current, 
when it is freed, and the clock will then go in the ordinary manner until the 
current is interrupted, when it again stops. 

Fig. 278 is a diagrammatic representation of a mechanically controlled 




Fio. 279. 


TARIFF AND HOUR METERS. 


281 


hour meter, the diagram on the left showing the escapement preTented from 
going when the switch is off, that on the riglit showing the switch closed and 
the balance-wheel free to move. 

In an hour meter with electrical control the balance-wheel is, in general. 
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arrested and freed by the action of an electro-magnet, and in such a manner 
that the clock only goes when the eleotro-magnet is energised by the passage 
of a current. 

The electro-magnet is either seriea-wound or shimt-wound. The seriea- 
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wound electro-magnetic type is usually used for lighting circuits, and the 
method employed is shown in a general manner in diagram (Fig. 279). 

Fig. 280 represents diagrammatically the sbiinl^wound electro-magnetic 
hour meter, showing also the conditions which obtain with the motor ahut 
down and working. An external view of the Electrical Company's electro- 
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magnetic type of hour meter is given in Fig. 281, and, in general, a ratio 
of 1 : 10 is employed between the starting current and the maximum of 
the installation; that is, in a 5-ampere circuit the clockwork of the hour 
meter will be released on the passage of a current of 0*5 ampere. The start- 
ing current can, of course, be made smaller if necessary. 

In some instances the clockwork is driven direct by the current, in which 
case the hoiir meter is always furnished with a pressure winding. 

To eliminate the effect of hysteresis, the Deutsch-Russische Elektri- 
citatszahler-Gesellschaft, Germany, use a spring attachment with the electro- 
magnet controlling the hour meter. The principle will be understood by 
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reference to Fig. 282. A small spring is interposed about midway betw^een 
the extreme position of the armature of the electro-magnet and the latter. 
This ensures the prompt release of the armature when the current falls to a 
certain value which it had when the electro-magnet first attracted it. Sup- 
posing that this attraction takes place when the current is 2 amperes, no 
further motion of the armature will ensue with an increasing current. When, 
however, the current again drops to 2 amperes, the armature will not 
necessarily be released, owing to the effect of hysteresis, in consequence of 
which the force exerted by the electro-magnet does not drop off proportionately 
with the decreasing current. To prevent any uncertainty of action due to 
this cause, the tension of this spring is so adjusted that the counter-force it 
exerts just balances the hysteresis effect, so that with decreasing current the 
armature will be released when the cuirent has fallen to the initial value at 
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which the magnet with increasing current attracted it. Fig. 283 illustrates 
the method of applying this principle to their three-wire hoiur meter. The 
escapement 18 of the clock is normally held by means of a light hairspring 
16 attached to the lever 13, which, in turn, is pivoted on the axle 12 of the 
armature 1 1 of the electro-magnet. When the coils 9 of the electro-magnet 
are energised on the passage of a current, the lever 13 frees the escapement, 
due to the attraction of the armature by the electro-magnet, and slightly 
compresses the spring 21. The clock can now go, and the hours are registered 
during which current is taken. When the current drops to its initial value 
at which the armature with an increasing current was attracted, the spring 
21 comes into play, the armature is at once released, and the clock again 
stops. 


CHAPTER XIII. 

SOME MECHANICAL FEATIFBES IN METEB DESIGN. 

General Mechanical Design— Shafts and Piyota— Pivot of Meter of General Electric Ck>., 
U.S. A.— Spindle and Pivot of A.C.T. Meter— Detachable Annatara Shaft and Pivot 
of Duncan Meter— Meter Bearings— Ball Bearing of Electrical Company's Meters— Ball 
Bearing of Scheeffer Meter— Ball Bearine of Westinghouse Meter — Jewel Bearing of 
Thomson Meters— Bearing and Combined Locking Device of Siemens-Schuokert Meters 
— Duncan ' Visua] ' Bearing — Stanley Magnetic Suspension— Stanley Rotated Jewel 
Bearing — Evershed Magnetic Suspension — Upper Bearing — Integrating Mechanisms — 
Dial Register — Cyclometer Counter — Aron Spring Cyclometer Counter — Siemens- 
Schuckert Weight Cyclometer Counter. 

Oeneral Mechanical Design. — The . suitability of an electricity supply 
meter to act as a commercial measuring instrument depends both on its 
electrical and mechanical design, and, in general, the mechanical features are 
quite as important as the electrical details of the meter.* The electrical 
design naturally varies with the nature of the supply current, the pressure 
of the system, the system itself, the object of the meter, i.e, whether the 
meter is intended to function as an ampere-hour or watt-hour meter, and 
with the principle on which it works, namely, the electrolytic, the heating, 
and the electro-magnetic effect of a current. The electrical features have 
already been dealt with in the preceding chapters, in which are included 
descriptions of a large number of various types of supply meters in general use. 

In the present chapter a few mechanical features, mostly applying to 
motor meters, are briefly discussed. A meter should be of simple and sound 
mechanical construction, to withstand ordinary handling and usage, so that it 
does not suffer injury during shipment, railway transit, or in its installation* 
It should, as far as possible, retain its original accuracy over a long period. 
Absolute permanency of calibration cannot be obtained, as it is impossible to 
eliminate friction entirely, or to prevent its gradual increase during the 
operation of the meter in house-service. These two important considerations 
mainly depend on the mechanical design. In addition, dust, insects, and 
moisture should be rigorously excluded, as otherwise, whatever the merits 
of the electrical design, the meter will rapidly deteriorate. This last con- 
dition is, in general, fairly well satisfied in most well-designed meters. 

The various elements of the meter are flzed in a substantial case, or are 
mounted on a base plate, and are completely enclosed in a protecting cover. 
The cover is either itself recessed, and the groove lined with felt, rubber, or 
other suitable material, or the base plate is provided with the channel in 
which the packing is laid, and the two should form together a moistxu^-, 
insect-, and dust-proof joint, when the cover is properly secured by the holding- 
down screws, and sealed. 

234 


SOME MECHANICAL FEATURES IN METER DESIGN. 285 

The meter is always provided with two separate covers ; the one is the 
main meter cover, and the other is to protect the terminal chamber and 
to give access to the terminals without removing the main cover. They 
are each furnished with an efficient and independent sealing arrangement. 
The main cover has two windows, of which the one is for reading the dials, 
and the other enables the speed of the meter to be checked by observing 
the revolutions of the brake disc on the spindle. In commutator motor 
meters a third cover should be provided to give access to the commutator 
and brushes, for the purpose of inspection and cleaning. 

In the meters of the British Thomson-Houston Company, the Compagnie 
pour la Fabrication des Compteurs, Paris, and of the Danubia Actiengesell- 
schaft, Vienna, the commutator and brushes are situated at the lower end of 
the meter spindle, and, together with the jewel step-bearing, are protected by 
a cap, which is secured to the main cover by a bayonet catch, and is in- 
dependently sealed. In the Vulcan meter the commutator and brushes are 
arranged at the upper end of the spindle, and are also protected by a separate 
cover in the shape of a dome with independent sealing. 

The Stanley Instrument Company, U.S.A., use an all-glass cover for the 
meter proper in their type H induction meters. A thick, strong glass cover 
is secured to the iron base, and sealed in the same manner as the metal 
cover. It is imbedded on a gasket, making an air- and dust-tight joint. The 
meter is connected to the circuit without opening the main cover, through 
which all the working parts are readily visible. Glass covers are also employed 
by the Westinghouse Electric and Manufacturing Company, U.S.A., who also 
seal their meter, and accept no responsibility if the seal be broken. The 
Sangamo Electric Company, U.S.A., permanently seal their meters, and it is 
not intended that the cover should be removed from the meter under any 
circumstance. The cast aluminium case fits in a deep groove in the cast- 
iron base, and a cementing material is put into this groove, sealuig the case 
and back together watertight. All openings and joints are also carefully 
sealed. The holes through which the connections run from the terminal 
chamber into the meter proper are filled with rubber gaskets, and the wood 
block holding the connecting pieces presses a thick layer of felt tightly 
against the wall between it and the interior of the meter. The dial window 
and observation window are also sealed, and all holes drilled through the 
back of the meter to receive screws are likewise sealed with plaster of Paris 
and stamped, to prevent tampering. 

The whole meter should be light, compact, and portable, to facilitate 
testing and handling. It is, however, most important for the cover and 
case to be strongly made, so that they effectually protect the meter from 
mechanical damage, even if an increase in the total weight of the meter 
should hereby be incurred. This fact was most forcibly brought home to the 
author. Amongst many manufacturers who very courteously supplied the 
author with meters for inspection and testing, Messrs Ferranti, Ltd., for- 
warded a sample of each of their alternating and direct current types. Each 
meter was most carefully packed in a very strong case. Nevertheless, the 
box containing the alternating current meter anived practically broken in 
two halves, but the meter itself, owing to its sound mechanical construction, 
was not in the least damaged or affected. This may have been a case of 
exceptional carelessness on the part of the carriers, and has only been cited 
to show that such accidents can and do happen, and to emphasise the 
importance of a strong mechanical meter. Continental meters dififer in this 
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respect materially from English and Ammcan meters, those manufactured 
on the Continent being provided with covers of very neat appearance, but 
they are, in general, far too flimsy. 

The position and arrangement of the terminals differ in different types, 
and are, in general, readily recognisable from the illustrations accompanying 
the descriptions given. In a two-wire energy meter four terminals should be 
used, t.e. two shunt and two main current terminals. The common shunt 
and main current terminals should be connected through a small copper 
bridge or hook, so that the pressure circuit of the meter can be entirely 
isolated without having to remove the main cover or disturb any of the 
internal connections of the meter, to facilitate testing, which is especially 
important when several meters are tested in series. The terminals should 
be carefully insulated from one another by means of non-hygroscopic and 
fire-proof insulation, and those of opposite polarity separated by mechanical 
division walls. 

The method of connection is also of importance, and should be both 
convenient and simple, so as to avoid the possibility of mistakes ; it should 
be impossible in the case of an energy meter for the connections to be so 
made that the pressure current flows through the main circuit of the meter, 
and, further, the design should be such as to preclude tampering with the 
meter by unauthorised persons. The method of hanging used in the 
British Thomson-Houston meters is of interest in this latter respect. At the 
back of the meter is a special suspension-piece, by means of which the meter 
is hung on a supporting screw. After the meter has been levelled, it is 
securely fixed by means of two screws, which pass through holes in the meter 
base, access to which can only be had by removing the terminal cover. 
When the meter has been placed in position, connected to the circuit, and 
sealed, it is impossible to change its level without breaking the seals. If 
this could be done, as with exposed holding-down screws, unless sealed, 
the level could be altered and the meter made to run slow and under- 
register. 

Shafts and Pivots. — In general, the meter shaft is made of a light steel 
spindle, having a detachable pivot at its lower end, which is removed by 
unscrewing it from the shaft or spindle proper. The end of the pivot is 
highly polished and made glass-hard, in many instances being hall-shaped, 
and forms the actual bearing contact of the spindle with the bottom step- 
bearing. As a rule, when the jewel of the step-bearing becomes defective 
and requires renewing, the pivot is also found to be roughened or damaged. 
A new pivot should be inserted in the meter when a worn jewel is replaced, 
whether the shaft end is damaged or not. It is important that the worm 
on the spindle should not be liable to rust, due to moisture, etc., and so 
increase the friction between the axle and the integrating train, and in many 
instances it is made of brass. 

Pivot of Meter of General Electric Co., U.S.A. — The General Electric 
Co., U.S.A., use a brass pivot with a steel bearing surface, as it is often found 
that the shaft of the meter becomes more or less magnetised, and with a steel 
shaft end some difficulty is experienced in the removal of a screwed pivot. 
The brass pivot has forced into its one end a small piece of high-grade piano 
wire, which is hardened glass-hard and highly polished, and forms the actual 
bearing surface with the jewel. 

Spindle and Pivot of A.G.T. Meter. — In the A.C.T. meter the spindle is 
of German silver and a small steel pivot is screwed in the lower end, and a 
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steel pin forms the upper guide bearing. German silver is used to prevent 
the worm from rusting. 

Armattire Shaft and Detachable Pivot of Duncan Meter. — The Duncan 
Electric Manufacturing Co., U.S.A., use a hollow, nickel-steel spindle and a 
detachable pivot of steel piano wire, which is not threaded, but is held in the 
lower end of the spindle by magnetic attraction, the meter shaft being 
magnetised for this purpose. This magnetised pivot can be removed from the 
meter very quickly with a pair of ordinary pocket tweezers. The renewal or 
insertion of a new pivot is further reduced to a very simple operation in con- 
nection with the special visual bearing, characteristic of the Duncan meter. 
Some further important improvements have been recently introduced by this 
company in connection with the manufacture of meter shafts, which are 
made detachable in sections for the purpose of quickly renewing the worm, 
commutator, and the armature. 

One of these shafts is shown assembled in Fig. 284, and the details of 
its component parts are given in Fig. 285. The sections screw into one 
another and are all made to gauge, so that they are quickly and readily re- 
placed. To facilitate building up or dismantling the shaft, both the worm 
part W and the commutator part C are provided with knurled portions, by 
means of which they can be screwed into one another and into the main body 
of the shaft B, on which are mounted the armature near its upper end, and 
the brake disc near its lower end. P is the threadless bearing pivot. In 
the description given of the Duncan meter in Chapter IV., the very ingenious 
method of connection used between the commutator and the armature has 
been explained and illustrated. It allows either the armature or commutator 
to be removed and a new one to be inserted without having to un-solder or 
re-solder any connections. By making these parts detachable and inter- 
changeable in this manner, labour and time are saved in effecting meter 
repairs. 

Meter Bearings. — Two methods of supporting the revolving element of a 
meter are in general use. The shaft either runs in a jewelled step-bearing or 
a special ball bearing. A ball bearing does not decrease initial friction, all 
other things being equal ; in fact, the friction is higher than in the case of a 
point pivot on a jewel. A ball bearing, provided that it is flexibly supported, 
is, however, preferable to the ordinary jewel bearing with a pivot, as the 
bearing friction is less liable to change than with the latter type. 

Ball Bearing of Electrical Gompanjr's Meters.— In Fig. 286 is Ulus- 
trated the ball bearing used by the Electrical Company, Limited, London, in 
their various meters. The end of the armature spindle is cupped and highly 
polished, and rests on a small ball, which in turn bears on the polished jewel 
of the bearing. The bearing, as a whole, is flexibly supported on a stiff spring, 
which is sufficiently elastic to give under a heavy shock. 

Ball Bearing of Scheeffer Meter. — A ball bearing is also used to support 
the rotating element in the Scheeffer meter. Fig. 287 shows the ball 
resting on the jewel in the jewel screw, and by means of Fig. 288 the 
method will be understood of locking the meter spindle for transit and for 
the purpose of inspecting or renewing the steel ball or the jewel. The 
knurled nut A is screwed up until it lifts the armature disc and locks it. 
This secures both the disc and shaft. The jewel screw B can then be un- 
screwed and taken out. Care must be exercised in removing the jewel screw 
to hold up its point so that the steel ball rests in the cup. 

Ball Bearing of Westinghouse Meter. — The cup and ball bearing in the 


288 ELECTRICITY METERS. 

Westinghouse meter is also illustrated diagramDiatically in Fig. 289. A 


I; 


highly polished steel ball ^\ inch in diameter is used between two sapphire 
cupped jewels. The lower jewel is mounted in tlie usual manner in a jewel 
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Hcrew, while the upper one is invert«d and is set in a removable sleeve on the 
lower extremity of the meter spindle. 

Jewel Bearing of Thomflon Meter. — In general, the jewelled Btep-bearing 
uaed consists of a highly polished and cupped sapphire jewel, set in a plug, 
which is flexibly supported by a spiral spring within the jewel bearing-Bcrew. 
The strength of the supporting spring beneath the jewel plug in relation to 
the weight of the rotating element of the meter is of importance in the life of 
the jeweL In the A.C.T. meter the spring just balances the weight of the 
armature disc and shaft with the driving worm. In this case no locking 
device is used, and the meter can be subjected to considerable shock without 
damage being done to the jewel or pivot. As a rule, an arrangement is fitted 
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to the meter by means of which the shaft with the portions it supports is 
lifted off the jewel for transit, and firmly clamped against the top bearing- 
stud. Jewels should invariably be spring-seated, as they are far less liable to 
damage by a shock or jar, due to the pounding action of the shaft, than when 
rigidly mounted. Diamonds are also used by some companies for large 
capacity meters which have heavy moving elements and for tram-car work, 
when the meter is subject to considerable vibration. Diamond jewels are flat, 
and are set within a ring of sapphire stone to keep the pivot in the centre of 
the diamond. The general arrangement of the jewel bearing and locking 
device used in the Thomson meters will bo readily understood from Fig. 290, 
which also shows the detachable spindle pivot. 

Bearing and combined Locking Device of Siemens-Schuckert Meter.— 
Fig. 391 is an illustration of the excellent footstep-bearing and combined 
locking device used in the Siemena-Schuckert raetere. In the figure, the abaft 
is shown in the locked position with the jewel screw lowered. H isa stationary 
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hollow bearing-poet in wliich the jewel screw L moves, and is divided intemall; 
into two portions, separated by the 
division riDg R, on the upper surface of 
which resto a spiral supporting spring. 
The top portion of the jewel screw, 
in which is set the sapphire jewel S, 
is completely covered by a tightly 
littiug cap C, in which is a amall hole 
to allow the ball pivot of the shaft 
to pass through, so as to rest on the 
jewel when the meter is in operation. 
The cap C also forms a very efficient 
oil chamber, from which, owing to 
surface tension, the oil is unable 
to escape during the handling and 
transit of the meter. B is the clamp- 
ing bush, by means of which the 
meter spindle is lifted out of the 
bearing. It has an internal thread 
ill which the jewel bearing-screw works, 
and at its upper end it terminates 
in a conical opening. This clamp- 
ing bush or sleeve can, moreover, 
only liave a motion of translation, as it 
is prevented from turning by the guide- 
pin P. 

To clamp the meter, a screwdriver 

is insert«d in the head K of the jewel 

Flo. 2SB. screw, which is then turned count«r- 

clockwise. The flange F of the jewel 

screw, in this position, rests against the ring K, so that when it is turned 


counter-clockwise the spiral spring which flexibly supports the jewel Bct«w 
moves the clamping bush B in an upward direction. The upper coned portion 
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of the latter engages with the correeponding coned end of the boas of the disc, 
and the shaft is raised imtil its upper end is firmly pressed into the top guide- 
bearing. The revolving element is clamped in this manner. With further 
counter-clock ivise turning, the jewel screw will unscrew iteelf from the Bleeve 
B and will descend until itn pin comes into contact with the small set screw T 



in the lower half of the bearing post H, when further motion is stoppted. To 
completely remove the jewel screw for renewals or inspection, this set screw 
must be taken out It will be seen that only one operation is necesaary- to 
clamp the meter and to lower the jewel away from the ball pivot, so that the 
two cannot come into contact through a jar or blow, and consists in always 
turning the jewel screw in one direction, 
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When the meter m to be used, the npindle is lowered on the jewel by 
tuTning the jewel screw in the clockwise direction ; it first asoends until its 
flange F l>earH against the internal ring of the bearing-poet H, on which the 
sleeve B descends and with it the spindle, initil its pivot rests on the jewel. 
Access to the l)earing can l>e liad without removing the main cover of the 
meter, hj removing the sealing screw from the hole in the cover below the 
jewel bearing. A screwdriver can then be inserted throi^h this hole and the 
above operations carried out. 

In Fig. 292 is a sectional drawing of the latest type of Siemens-Schuckert 
footstep-bearing, differing in some details 
from the one just described. The shaft 
A has in this case a detachable, threadless 
ball pivot Z, which, in the working position 
of the meter, rusts on the sapphire jewel B 
in the jewel screw F. The top of the jewel 
screw is fitted with a small cap H, which 
funns an oil chamber for the ball pivot, the 
opening of this chamber being just large 
cnougli to prevent the escape of any oil 
through shocks or jars. The jewel screw F 
works inside the bearing-post K, which is 
secured to the base of the meter by the 
lock-nut M, K is a movable sleeve, within 
the bearing-post K. This sleeve is pressed 
in the upwanl direction by a spiral spring S, 
and is prevented from turning by a pin R. 
It has a small bush D attached to it, on 
the curved edge of which the pin T of the 
jewel screw F rolls on the rotation of tlie 
latter. In this manner the sleeve K is held 
down aa long aa the armature is free to 
rotate, when the head of the jewel screw F 
rests against the bearing-pillar K. 

The moving element is locked by lower- 
ing the jewel screw, when the sleeve E, 
owing to the pressure of the spring iy, 
rises, engages with the boas N on the 
shaft A, and forces the shaft against the 
upper bearing. Aa soon as this is accom- 
^'o- 282- plished, F will descend, if turned further 

in the same direction, until it reaches the 
stop U, in which position it is impossible for the shaft to press the pivot Z 
on the jewel B, although the armature during transit may fc>e violently 
thrown downwards. It will be observed that the detachable pivot must 
move witli the jewel screw in its descent. On continuing to turn the jewel 
screw it may be completely withdrawn from the meter, together with the 
pivot. The advantage of this form of construction is that the jewel screw and 
the pivot are simultaneously taken out of a meter without disturbing the 
main cover. The pivot and jewel can be readily examined, and both a new 
pivot and a new jewel screw can be inserted in the meter without the constant 
of the meter being changed, and consequently a re-calibration is unnecessaiy, 
as these parts are accurately made to gauge, and are interchangeable. 
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Duncan 'Visual' Bearing. — The visual bearing used by the Duucan 
Kloctrio Manufacturing Company, U.S.A., represents a departure from thf 
))canngB in oomoion use in uietent. The jewel bearing-poet is threadless, and 
can be readily token out and iiiaerted again without tliu aid of a acrewdriver 


or any instrument, and the pivot and jewel can be examined during the 
operation of the meter. The couetruction of the visual bearing and thr^lesn 
jewel post in the Duncan meter is illuBtrated in Figa. 293, 294, and 395. 
Fig. 293 is a front view of the bear- 
ing open, and Fig. 294 shows the 
bearing closed and the jewel post 
lowered for transit, while Fig. 295 
is a sectional drawing giving the 
details of conatmction. The bearing 
is provided with a collar ' 8 ' on the 
jewel guide-post or support, which 
permits of an inspection of the jewel 
and the spindle pivot during the 
operation of the meter. When this 
collar is turned so as to expose the 
bearings, the detachable pivot may 
be removed with a small pair of 
tweezers, either through the opening i 
in the collar or through the jewel 
poet-hole in the shelf of the meter. 
The jewel post 'l:i' is held in 

position against tlie point of the Fiu. 29S. 

spindle by a phosphor-bronze wire 

spring '14,' which fit« in the slot 'e' provided in the head of the jewel 
post. The pivot '6' bears on the jewel '9,' seated in the plug ' 10,' which 
is supported by the spring ' 1 1.' Wlieu the meter is being transported, the 
jewel poet is lowered away from the spindle point, and the wire spring is 
placed in the groove 'd' in the side of the head of the jewel post. When 
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installing the meter, the wire spring is simply drawn enough to one side to 
allow the head of the jewel screw to pass it and to clear the groove, when the 
jewel post is raised and the spring again inserted in the slot at the bottom. 

Before removing the spindle pivot, the jewel post should be taken out to 
give more room in the operation. As already mentioned, the shaft is 
magnetised, and the detachable pivot is retained in position by magnetic 
attraction. 

Stanley Magnetic Suspension. — In the model G induction meter of the 
Stanley Instrument Company, U.S.A., the rotating system floats in air by 
means of a magnetic suspension, which is illustrated in Fig. 296. 

The revolving parts consist of an aluminium disc and a soft steel 
vertical shaft, called the suspension core, to which the disc is secured, and 
which also carries the worm driving the dial train of the meter. 

The suspension core is magnetically supported by the permanent magnet Y 

which is fitted with the steel 
plugs, or pole bushings, A 
and B. Above the pole 
bushing A is a compression 
spring, between which and 
the bottom stud screw is a 
fine steel wire. This wire 
passes through the magnet 
plugs, and also through the 
central hole of the suspen- 
sion core. It is made taut 
by screwing up the stud 
screw, and so forms a perfect 
alignment. The suspension 
core is slipped over the wire, 
on which it floats, supported 
by the upward magnetic 
attraction between its ends 
and the magnetised plugs. 

The lower end of the 
shaft is flanged larger than 
the body of the core, and, 
when the suspension magnet is not in place, the shaft will rest by gravity on 
the surface of the cup in the pole bushing B, but, due to a difference in the 
diameter of its flange and the cup, it does not touch the circumference of 
the cup at any point. 

In this manner a definite air-space exists between the periphery of the 
flange and the circumference of the cup. 

The upper end of the core is turned smaller in diameter than the body of 
the shaft ; when under the influence of the magnet, this end is just inside 
the recess in the upper pole bushing A, otherwise it is just below the edge of 
this recess. 

By means of the predetermined air-gaps surrounding the ends of the shaft, 
the magnetic fluxes at the top and bottom of the suspension core are 
localised, and the position of the shaft is perfectly defined under normal 
conditions. When the permanent magnet is placed in position, a field is 
established between it and the rotating shaft through the pole bushings A 
and B, and the whole revolving element is attracted upwards. 



Fig. 296. 


SOME MECHANICAL FEATURES IN METER UESION. 


295 


The flouged lower end of the suspension core in lifted out of coutact with 
the cup in B, and the upper end is juat carried within the recess in A. 

The rotating element is thus held in a perfectly defined podtion in air, 
out of rubbing contact of any kind. 

The advantage consista in the reduction of bearing surfaces and mechanical 
friction to a minimum ; also an exact alignmeut is obtained by the eteel wire, 
and a central axis many times smaller than can be mechanically produced 
by pivots. 


1!^H 


The accuracy of the meter is thus independent of the disturbing 
influence of friction. 

Stanley Botated Jewel BBaring. — Thb company also use a very novel 
jewel bearing in their latest type of jewel bearing induction meter. The Jewel 
is mounted in a carrier shaft, which, in its turn, is geared through a bevel gear 
to the last wheel of the integrating train, so that, an the disc revolves 
and drives the train, it also causes the jewel, which is of circular form, 
to revolve beneath the pivot, presenting a constantly I'enewed surface tA 
the end of the pivot. In addition, the pivot is supported against a specially 
designed coil spring. The gear reduction is such that 1000 kilowatt- 
hours must be registered before the jewel completes one revolution, or, 
in other words, before the pivot of tlic meter spindle maiceB contact 
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again with tlie Haiiie Bpot or poiut ou the jewel surface, uo matter how 
Blight the moveoient of the train geariQ^;. A view of the revolving element 
of the meter is given iu Fig. 297, showing the connection between it 
and the iutegratiug train, also the method of rotating the jewel bearing. 
The effect produced by this change of the point of contact with the pivot 
is to pohsh the surface of the jewel. The shaft supporting the jewel, 
which IB cup-shaped, is at an angle of about 45 degrees to the vertical 
meter spindle. In consequence of this oblique position of the jewel under 
the pivot, the latter bears at the junction between the sides and the bottom 
of the Clip, the junction being shaped to the proper curve. 



X"'' 


Flu. 268. 

The construction of the rotated jewel bearing is given more in detail in 
the sectional drawing, Fig. 298, from which it will lie readily followed. The 
disc I is carried ou the meter spindle L, the revolutions of which are 
transferred through the worm y to the wonuwheel K actuating the 
integrating train. The lower pivot M runs in the jewel A, set in the jewel 
carrier B, which is secured to the revolving bearing shaft E by means of the 
set screw C. At H are the bevel gears through whicli the jewel bearing spindle 
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£ is driven from the integrating train. Displacement of the meter shaft is 
prevented by the bracket S. The weight of the revolving element (disc and 
spindle) is supported by the spring P within the hollow meter axle, and no 
clamping device is required. The pivot M is removable by unscrewing N. 
The object of the pivot-stop within the spring P is to prevent the disc 
spindle from descending far enough 
for the upper pivot T to come out 
of the guide^crew U. 

Evershed Magnetic Suspen- 
sion. — Mr Evershed, in his friction- 
less motor meter, also uses a magnetic 
suspension, the details of which are 
given in Fig. 299, which is a section 
through the magnetic pivot. The 
upper end S of the axle of the meter 
is held in position by the magnetic 
attraction of the iron rod R, which is 
screwed in the iron yoke Y, mag- 
netised by the brake magnets M. 
The aide is prevented from being 
displaced by means of the guard 
ring g. The distance between R and 
the upper end of the axle can be 
adjusted until the upward magnetic 
attraction very nearly balances the 
whole weight of the armature, brake, 
and other parts attached to the. 
meter spindle. 

Upper Bearing. — The upper bear- 
ing, in general, presents no novel 
features, being mostly a guide bearing 
to keep the meter central. In the 
induction meter, type W, of the Fort 
Wayne Electric Works, U.S.A., the 
upper bearing is made flexible. The 
top end of the meter spindle is 
hollow, and rotates about a flexible 
steel shaft mounted in the top bear- 
ing screw. A small phosphor-bronze 
bearing collar encircles the point of 
the flexible steel shaft, so that friction 
is practically eliminated ; and al- 
though the hollow end oif the meter 
spindle permits lubrication, it is not 

found necessary. The lower end of the shaft is highly polished and hardened, 
and rests on a spring-seated jewel in the usual manner. 

Integrating Mechanisms. — The integrating mechanisms used in meters 
are generally of two kinds, and consist of either the ordinary dial register with 
hands or pointers travelling over circles, or the cyclometer type of counter in 
which the figures either crawl or jump into position successively, and appear 
in slots in the face of the dial. 

The first motion wheel of the integrating train is usually driven direct 
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froDi either a worm ur piiiiou ou tlie meter shaft. [ii the Kerranti coiitinuous 
oiirrent meter the coniiectiuii between the meter spindle and the dial frame is 
made through an intermediate xwiiig train of wheels illuBtrated on page 
39. The registering mechaniamB used are clearly shown in the illustra- 
tions aecompanying the descriptions of the various meters included in the 
preceding cliapters. 

To distinguish between the integral and decuiial parts of the Board of 
Trade unit, the numbers denoting the decimals are generally coloured red. 

Dial 'SnegJBtec. — In the ordinary dial register the hands on the spindles of 
the different wheels rotate round circles, and no two adjacent hands revolve 
in the same direction ; t.e. if the unit hand turn clockwise, the tens hand will 
go round in tlie counter-clockwise direction, and so on, the figures being 
marked round the dial circles in a corresponding manner. To facilitate the 
reading of the dials, so that the figures are always read in the ataae direction, 
cloL-kwise, Messrs Mix <k <>eneflt, Berlin, supply a dial register in which evei^ 
other hand is stationary, 
and the dial circle corre- 
sponding to the fixed hand 
rotates. The figures on 
each rotating dial circle 
always appear the right 
way up as they poas 
the fixed pointer. Mesere 
Hartmann ic Braun, Frank- 
fort, on the other hand, 
use a register with all the 
hands revolving in the 
same direction. 

Cyclometer Counter. — 
A cyclometer counter has 
the great advantage over 
the ordinary dials with 
Fm. 300. pomters, that an error can- 

not be made in taking the 
reading, as all the figures appear in one row, provided any two successive 
figures of the same number disc cannot show partially through ^e dial open- 
ing. Various constructions are used to prevent the numbers, owing to the 
very slow motions which take place in meters, from remaining in intermediate 
positions, whereby micertaintics are occasioned. The change from one number 
to the next higher one should Vw made suddenly by means of an intennittent 
motion of the number disc, so that it does not rotate continuously, as in the 
ordinary dial register and in the crawling type of cyclometer coimter. Fig. 
HOO is an illustration of the Jump cyclometer counter used hy the Electrical 
Company, Limited, l^ndon. 

Aron SpriDg (^vlometer Counter.— The counting train used in the Aron 
meters consists of a set of intermittently moving number discs which spring 
behind the openings in the dial, and not more than one figure can possibly 
show at a time through the aperture. The last of the discs, which is the firat 
.lecinial place of the B.O.T. unit, revolves continuously, and the second and 
third places of decimals are given, for tet^ting purposes, on small dials pro- 
vided witli moving pointers in the usual manner. These dials are, however, 
covered when the case is iu position. The couuter is shown iu Fig. 301. B 
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is the continuously moving disc, and, as it rotates, it constautly wiuds up a 
small hairspring C. Each tiue the disc B completes one revolution and its 
zero figure comes in front of its dial opening, the hairspring is released and 
actuates the first springing disc A through a 1 to 10 c<^ged gearing. In this 
mauner the consecutive numerals on the disc A are brought suddenly, one at a 
time, in front of the aperture, and each time a t^gure so appears the disc is 
locked imtil B has completed another revolution, when the same action takes 
[^ace. The spring thus throws over the unit numeral 1 division, and is of 
sufficient strength to move, without sticking, all the dials, or as nuiny of 
them as may be ready to move to the next higher figure. The different diacs 
gear with one another by means of cogged wheels, as shown at W and Wj (Fig. 
301). Only at one point in the revolution of each disc does the oc^ed wheel 
gear into that of the next disc, so that the figures are locked in all intermediate 
positions. When the uiiuiber 999 has been reached, each of the single teeth 
is ready to mesh with the cogwheel next to it, aud as soon as the Kero 
figure on the moving disc appears through the hole in the dial, the hairspring 


Fig. 301. 

swings all the discs together through one division, when they again become 
locked. 

Siemens-Schockert Weight Cyclometer Counter.— In the jump counters 
used in the Siemens-Schuckert nieters the intermittent motion of the number 
discs is accomplished by means of a single weight rotating round the axis oF 
one figure disc. Tlie small amount of work required to lift the weight is 
independent of the number of figure discs to be moved at the same moment. 
The geTieral arrangement is shown in the drawing in Fig. 302. 

The motion of the armature spindle is transmitted by a worm on the 
axle to a wormwheel, connected to a counting mechanism fitted with rotating 
number discs. The first right-hand number disc is driven proportionally 
to the speed of the arnutture, while all the other discs move suddenly from 
one figure to the next. The worm k on the meter shaft is shown in the 
illustration driving direct the toothed wheel a, whereas, in general, the worm 
drives this toothed wheel througlt an intermediate wonuwheel and pinion. 
On the axle of a is rigidly moimted the first number disc, which usually 
•iiven the lir^t dociuiul pl»cu of tlic B.O.T. unit The arm g, with the two 
pins / and k, is also rigidly connected to the axle of a, whereas the falling 
weight b and the transfer disc e are both loosely pivoted on it. \s the 
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wheel a rotates, and with it the arm g, the piu / of the latter cairieti the 
weight b Tonad with it, until it reaches the top position in which it is shown 
in the drawing. As <; rotates further, the centre of grarity of the weight will 
come beyond the vertical line through the centre of rotation, and the weight 
will overbalance and fall to the bottom position. During its fall it carries 
round the transfer disc c, bringing the pin t iuto the position t, whereby the 
toothed wheel d is moved through one tooth. The figure disc e is rigidly 
connected to the aile on which is mounted the toothed wheel d, and is, iu 
this manner, turned through one-tenth of a revolution, the next number 
becoming visible in the dial aperture. By means of similar transfer discs, 
rigidly mouuted on the following axles, as many number discs as are necessary 
can be used. It will bo remembered that the first number disc rotates con- 
tinuously, so that an error may occur if the reading be taken just at the 



moment when the change is being made to the next higher numeral on the 
first intermittently moving number disc, which gives the unit figures. The . 
reasou is that tlie zero figure of the first decimal place always appears, due 
to the continuous rotation of its disc, just before the unit figure is changed, 
although the next higher unit figure appears very shortly afterwards. To 
eliminate any error due to this cause, an extra disc is used, rigidly attached 
to the first transfer disc and weight. The unit figure disc, which is 
connected to the axle of tlie wheel a, has marked on it the figures 1 to 8, 
which, therefore, revolve coutiniioiisly, the portion of the disc being cut 
away where tiie figures 9 and should be These figures, 9 and 0, are 
marked on the extra number disc, and are arranged diametrically opposite 
one another, and in each half of their revolutions they move suddenly, due to 
the weight. The two discs are placed behind one another, and their figures 
appear in succession opposite the same dial opening, the 9 and the moving 
in turn suddenly into position. In this manner the zero figure of the first 
decimal place and the next higher unit figure can only appear simultaneously. 


CHAPTER XIV. 

METEE TESTING. 

General Remarks— Meaning of Testing Constant —Calculation of Percentage Error — Testing 
Motor Meters — ^Testing Oscillating, Clock, and Electroljrtic Meters — Determination of 
the Losses in a Meter — Testing Meters in situ — Portable Meters for Testing. 

Gtoneral Bemarks. — All measuring instruments require to be calibrated, 
adjusted, and tested by comparison with standards of reference to ensure their 
proper working, and to no class of electrical apparatus does this apply more 
forcibly than to electricity meters, on the accuracy and reliability of which 
depends the revenue of the supply station. 

A comprehensive treatise on meter testing would require a volume to 
itself, and should not only give the methods of testing meters of different 
types, but also actual testis carried out under different conditions with a full 
explanation of the results, descriptions of the standard testing instruments 
employed and their limitations, the proper equipment of a meter testing 
department, and descriptions of some typical testing institutions. This is 
quite beyond the scope of the present work, and in this chapter it is only 
intended to give a brief outline of the testing of meters after they have been 
adjusted and calibrated at the factory. 

The calibration of a meter is the operation by means of which the 
measurements effected by it are compared with the simultaneous measure- 
ments of standard testing instruments, the character of which depends on the 
nature of the particular type of meter. The adjustments of a meter are the 
alterations which have to be made to the different elements of the meter in 
order to adapt it to the circuit for which it is intended, and to bring it into 
accord with the current or watt measurements, as given by the standard 
testing instruments. The testing of a meter is the checking of the same after 
it has left the meter factory, in order to ascertain whether it has been accur- 
ately adjusted and calibrated, and is in proper condition, fit for installation in 
a consumer's premises. A meter should also be periodically and systemati- 
cally tested in situ, to determiue whether it is w^orking correctly under the 
conditions which prevail in actual practice, and to detect any irregularities or 
faults w^hich may have arisen during its use. 

In the meter factory the component parts of a meter are subjected to a 
series of both mechanical and electrical tests and close inspection during each 
step of manufacture, when the parts have been assembled, and finally 
in the testing department, where the finished instrument is accurately 
adjusted and calibrated. It should not be necessary, once the meter cover 
has been put on and sealed, for such adjustments to be changed. If, when 
subsequently tested, the meter should be found to be incorrect, the adjust- 
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ments should be altered by the manufacturer only ; in fact, all adjustments 
should be sealed. 

In a motor meter the jewels and pivots have to be microscopically examined, 
as well as the wheels and pinions of the registering train, and the worm on the 
spindle ; the exact strength of the spring supporting the jewel in the jewel 
screw must be carefully gauged, that it is of the correct value in relation to 
the weight of the moving part, which should be accurately balanced and 
centred. All contacts, especially those to the commutator, if any, and the 
state of the commutator, have to be examined, and the correct pressure of the 
brushes on the commutator has to be regulated. Particular care must be given 
to the manufacture of the permanent magnets, so that they will withstand 
temperature variations and vibration, and still retain their original magnetic 
strength for extensive periods. When the magnet has been made, it is tested 
either by the ballistic galvanometer or the magnetometer methods, and is 
stored for several months. Before its actual inclusion in a meter it is re- 
tested, and if it should not exactly measure as originally it is discarded. The 
different circuits of the meter have to be tested for conductivity and insula- 
tion, and are subjected to pressures greatly in excess of the normal voltage of 
the supply circuit. In general, the meter department of a manufacturing 
company is well supplied with modem and accurate standardising instruments. 
The actual methods and arrangements adopted vary in detail to suit the 
particular requirements of the factory for quickly and accurately testing and 
adjusting large quantities of meters on a commercial basis. 

Every supply station should have a meter department equipped with a 
full complement of accurate testing instruments, testing racks free from 
vibration, incandescent lamps and adjustable resistances, which can be suitably 
arranged for keeping any particular load constant, and will at the same time 
give a wide range of load, and choking coils for inductive loads. The testing 
circuits should be fed with current from an independent source, and not with 
current from the supply mains. For testing energy meters two distinct and 
independent testing circuits should be used, the one for the pressure circuits 
and the other for the main current circuits of the meters. Whenever possible, 
this method should be adopted both for direct current and alternating current 
energy meters. Only the best standard instruments should be used. It 
must be remembered that a high degree of accuracy is demanded of a meter, 
in some cases unnecessarily high ; and tests become quite valueless when 
carried out with inferior instruments, with want of care, and unless the 
voltage and current are both kept constant ; above everything, a test should 
be accurate and reliable. 

The necessary instruments are ammeters, voltmeters, wattmeters, and 
accurate stop-watches. A potentiometer is a highly accurate and useful 
instrument for measuring both currents and pressures, and is largely used in 
many supply stations and testing laboratories, and Kelvin ampere and watt 
balances are also employed for accurate work. Special care should be given 
to the selection of a reliable and accurate stop-watch, as the average stop- 
watch is not always correct at all points of its dial. It should be frequently 
checked when in use, and examined for any zero error. The hand should 
return to zero without springing back into position. The moment the key is 
pressed the hand should be released and start to indicate the time, with the 
second depression it should be immediately arrested, and on pressing a third 
time it should move at the ordinary rate to the ?ero position, on arriving at 
which it should stop. Testing sets for insulation and ordinary resistance 
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ineasurements are also necessary aud low reading voltmeters. Ammeters and 
wattmeters of different ranges should be employed, the actual number and 
range of each dependmg upon the capacities of the meters to be dealt with. 

A meter has to be tested over a wide range, from one-twentieth or one- 
tenth of full load to the maximum load capacity of the circuit for which it is 
intended, and it is of the greatest importance that the current or watt 
measurements, or both, should be equally accurate and reliable at every test 
load. This is not possible with a single instrument, admitting at the same 
time of a wide range ; and a small error in a reading at a low load introduces 
a considerably larger percentage error than the same actual error at a high 
load. 

The various tests which should be made on a meter, with special reference 
to the motor type, are — speed tests for accuracy at different loads ; a time 
test ; the determination of the losses in the meter, i.e. the los& in the main 
circuit and that in the shunt circuit ; the effect of varying the pressure ; the 
effect of varying the frequency (if an alternating current meter) ; the effect of 
temperature changes; the effect of stray fields, a test for creeping, and 
the effect of a short-circuit current passed through the meter. Were it 
not for the disturbing influence of friction, especially at light loads, it 
would only be necessary to conduct one test at full load. As, however, 
the law of the motor meter is not a straight line law, it becomes necessar}' 
to test it at different points throughout its range, and the low load tests 
are, perhaps, more important than those at full load and above, as generally 
a meter is working in service very much below its rated capacity. The speed 
tests consist in checking the speed of the meter disc or spindle at different 
loads, usually between one-tenth and full load, and for this purpose the 
* testing constant ' of the meter has to be used. Practically, a speed test is 
the determination of the percentage difference of the testing constant from its 
declared value. The time test is, in general, undertaken with the object of 
ascertaining the condition of the registering gear and train, and consists in 
sending a suitable current through the meter, and maintaining it constant for 
some time, comparing the actual units consumed in the particular interval with 
the units registered by the meter. It gives a general idea of the behaviour 
of the meter. It can be readily carried out by comparing the registration of 
the meter * under test with the units given by a standard meter, when it is 
unnecessary to keep the load constant. 

Meaning of Testing Constant. —The testing constant of a motor meter is 
the relation which exists between the correct speed of the meter armature and 
the load. It does not in any way refer to the meter dials, which generally 
give the units consumed without the use of a multiplier or constant. 

As this testing constant is variously expressed by different meter makers, 
it is most essential to understand exactly what it represents in each case. In 
ampere-hour motor meters the testing constant connects the speed of the 
armature, or disc, with the current. It may be expressed as the number of 
amperes per revolution per second, the number of ampere-seconds per revolu- 
tion, or the number of revolutions per second per ampere. Instead of using 
the second as the unit of time, in some cases the minute or the hour is 
chosen, and this also modifies the meaning of the testing constant. In energy 
motor meters the testing constant connects the speed with the power in watts. 
A very general way of expressing it is, that it represents the number of watts 
per revolution per second. In certain energy motor meters the testing 
constant is the number of revolutions per minute per 1000 watts, in others it 
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means the watts per revolution per 100 seconds, the revolutions per watt- 
hour, also the watt-seconds per revolution. It may further mean the number 
of watts per revolution per hour or per minute. 

Difiiculties would be avoided if the testing constant of a qieter had a 
precise and universally-accepted definition assigned to it. Its actual value 
would depend, as it does at present, on each meter, but it would always have 
the same meaning for the same type of meter (quantity or energy), and only 
one form of the corresponding testing formula would be required. The 
formula required in testing an energy motor meter is easily deduced in the 
following manner : — 

N = any convenient number of revolutions of the meter disc. 

T = the correct time in seconds required for this number of revolutions. 

T' = the observed time in seconds taken by the disc in executing N 

rotations. 
C = current in amperes. 
V = pressure in volts. 
W = actual load in true watts. 
K = testing constant of meter. 

(A.) K denotes the number of watts per revolution per second. 
When the meter is correct, then 

WxT 


^= N 


Proof : — 


1 revolution per second = K watts. 

N 
N revolutions in T seconds = ^.^K watts. 

This must be equal to the watts W measured by the wattmeter, when 
the meter is correct, 

N 

T 
i.e. K = W.I. 


or (1) Testing Constant = 


N 

Watts X Seconds 


Revolutions 

The above may be variously expressed as follows : — 

/o\ \v ff _ Testing Constant x Revolutions 
{.^f V ? at us — — = • 

beconds 

/ov i» 1 X- Seconds x Watts 
(3) Revolutions = -- — , 

Testmg Constant 

(A\ ^ 1 Revolutions x Testing Constant 
^ ) econ s = Watts 
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(B.) If K be expressed in watts per revolution per minute, then 

V WxT 

(C.) If the constant represent the watts per revolution per hour, then 

y_ WxT 
3600 X N * 

(D.) When K denotes the revolutions per minute per 1000 watts, then 

60 X 1000 X N 


K = 


WxT 


li'rom the above examples no difficulty will be experienced in obtaining 
the correct formula to correspond with any particular testing constant. With 
ampere-hour motor meters the current C amperes must be substituted for the 
watts W. In a direct current system the power in watts (W) equals the 
product of the current and voltage (C.V) ; in an alternating current system, 
however, the power W includes the power factor of the circuit, i.e, W = C. V. 
COB <t>. 

Calculation of Percentage Error. — The actual error at any load is 

T- T' 
T-T, and the percentage error is — x 100. When this expression is 

positive the meter is fast, and is slow when it becomes negative. The correct 
time T is computed from the formula, and T' is the observed time. The 
percentage error can be determined in a number of ways ; it may be calculated 
from the standard, measured watts and the watts as given by the meter, using 
the declared value of the testing constant and the observed values of the 
revolutions and the time, from the observed revolutions per minute of the 
meter disc and the calculated number of revolutions per minute, or from 
the declared value of the testing constant and from its value deduced from 
the formula, using the observed values of the watts, time and revolutions. 
If the percentage error be estimated from the watts, then, assuming K to 
represent the number of watts per revolution per second, the meter will from 

its speed indicate -=^ watts, whereas the wattmeter reading is W watts. The 

K N rp/ vv 

actual error is ' - W, and the percentage error is — t^-^ — x 100. If this 

"r" 

expression be negative, it means that the meter is reading low, and it will be 

reading high when the expression is positive. 

From the percentage error table for fifths of a second given below, 

the percentage error may be readily obtained without having to work it 

out. The table is based upon one supplied by the Duncan Electric Mfg. 

Co., U.S.A., and can be used directly without any special interpretation. 

This is not the case with the American table, as it is calculated from the 

T — T' 
formula — =,— x 100, which is wo/ the one accepted here. The method of 

using the table is very simple. It is only necessary to adjust the load on 
the meter until the revolutions, supposing the meter to be correct, will 
require exactly one minute to be completed. The niun]>er of revohitions 
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Per Cent. Krror Tablb for Fifths of a Second. 


Time in 

Percent. 

Time in 

Per Cent. 

Time in 

Per Cent. 

Time in 

Per Cent 

Seconds. 

Fast. 
33 •OO 

Seconds. 
: 50-20 

Fast 
16 33 

Seconds. 
60-20 

Slow. 

_ 
1 

0-33 

Seconds. 

Slow. 

_. 

17-00 

40-20 

70-20 

•40 

82*67 

•40 

16-00 

•40 

0-67 

•40 

17-33 

•60 

32-38 

•60 

15^67 

•60 

100 

•60 

17-67 

•80 

32-00 

-80 

15 -83 

•80 

1-33 

•80 

18 •OO 

41-00 

81 ^67 

1 51-00 

15^00 

61-00 

167 

71-00 

18-38 

•20 

31 •33 

•20 

14-67 

•20 

2^00 

-20 

18-67 

•40 

8100 

-40 

14-33 

•40 

2-33 

•40 

19^00 

•60 

30-67 

-60 

14 00 

•60 

2^67 

-60 

19-83 

•80 

30-33 

-80 

13-67 

•80 

3 00 

-80 

19-67 

42-00 

30 00 

52-00 

13-38 

62^00 

3-33 

72-00 

20-00 

•20 

29-67 

•20 

13-00 

•20 

3-67 

•20 

20 83 

•40 

29-33 

•40 

12-67 

•40 

4 00 

•40 

20-67 

•60 

29 00 

•60 

12-83 

•60 

4-33 

•60 

2roo 

•80 

28-67 

-80 

12-00 

•80 

467 

•80 

21-33 

43 00 

28 33 

53-00 

11-67 

, 63-00 

5^00 

78-00 

21 67 

•20 

28-00 

•20 

11-33 

-20 

633 

1 ^20 

22-00 

•40 

27-67 

-40 

11-00 

•40 

5-67 

•40 

22-83 

•60 

27-33 

-60 

10-67 

•60 

6-00 

•60 

2217 

-80 

27-00 

•80 

10-83 

•80 

6 83 

•80 

23^00 1 

' 44-00 

26-67 

54-00 

10-00 

64-00 

6-67 

74^00 

23 ^33 \ 

•20 

26-33 

•20 

9-67 

-20 

7-00 

-20 

28-67 

•40 

26*00 

•40 

9-33 

•40 

7-33 

-40 

2400 

•60 

25-67 

•60 

9-00 

-60 

7^67 

-60 

24 33 

•80 

25-33 

•80 

8-67 

•80 

8 00 

•80 

24 67 

45-00 

26-00 

56-00 

8'83 

65-00 

8-33 

75^00 

25^00 

•20 

24-67 

•20 

8^00 

•20 

8-67 

•20 

25-88 

•40 

24-38 

•40 

7-67 

-40 

9^00 

-40 

26 67 

•60 

24-00 ■ 

•60 

7-33 

-60 

9 33 

-60 

26 •OO 

•80 

28-67 ' 

-80 

7^00 

-80 

9-67 

•80 

26 33 

46-00 

•23 33 

56-00 

6-67 

66-00 

1000 , 

76-80 

26^67 

•20 

23-00 

•20 

6-33 

•20 

10-33 

•20 

27-00 

•40 

22 67 

•40 

6-00 

•40 

10-67 

-40 

27-33 

•60 

22 33 

•60 

6-67 

-60 

11-00 

-60 

27-67 

•80 

22-00 

•80 

5-33 

1 -80 

11-33 

-80 

28-00 

47-00 

21-67 

• 57-00 

6-00 

67-00 

11-67 

77 00 

28-33 

•20 

21-38 

•20 

4-67 

•20 

12-00 ' 

•20 

28-67 

•40 

21 00 

•40 

4-33 

i -40 

• 12-83 1 

•40 

2900 

•60 

20-67 

•60 

4-00 

' -60 

12-67 ' 

-60 

29-83 

•80 

20-33 

•80 

3-67 

; -80 

13-00 

-80 

29-67 

48-00 

20 00 

68-00 

3-33 

68-00 

13-33 

78-00 

30-00 , 

•20 

19-67 

•20 

3 00 

•20 

13-67 : 

•20 

80-33 ' 

•40 

19-33 

•40 

2-67 

•40 

14-00 

•40 

30-67 

-60 

19 00 

, -60 

2 •33 

•60 

14-33 

•60 

3100 

•80 

18-67 

-80 

2^00 

•80 

14-67 

•80 

31-33 

49-00 

1833 

59-00 

1-67 

! 69 00 

15-00 

79 •OO 

31-67 

•20 

18-00 

•20 

1-33 

•20 

15-33 

•20 

32-00 

•40 

17-67 

•40 

1-00 

•40 

15-67 

i -40 

82-33 

•60 

17 33 

•60 

0-67 

•60 

16-00 

•60 

32-67 

•80 

17-00 

•80 

0-33 

•80 

16 •33 

-80 

88-00 

60 •OO 

16-67 

60-00 

0-00 

70-00 

16^67 

1 

80-00 

38 '33 

_ 1 
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per minute at the particular load is calculated from the testing formula. In 
the case of a Duncan meter the formula is 

W 

= Revs, per min. 


Kx60 

The reason for the number 60 in the denominator is because the constant of 
the Ihmcan meter is the number of watts per revolution per hour. If the 
testing load be 6000 watts, and the meter be of 100 amperes capacity and 
110 volts pressure, the number of revolutions per minute should be 

6000 6000 ^ 25 


K X 60 4 X 60 

(K in this case is 4.) 

The tester notes the exact time in seconds required for the 25 revolutions 
to be executed by the meter disc at the load of 6000 watts, and then refers to 
the table. If the time be exactly 60 seconds, the meter will have no error ; 
if, however, it be 58-4 seconds, the meter is 2*67% fast, as per table. If it 
should take 55*8 seconds to make the 25 revolutions, it would be 7*00% fast ; 
again, if the time were more than 60 seconds, say 61*8 seconds, the error 
would be 3*00^ slow. 

Testing Motor Meters. — In carrying out a speed test on a motor meter 
the revolutions are accurately counted by noting the appearance or dis- 
appearance of the mark on the meter disc through the observation window in 
the meter cover. In slow rotations an error may be made at the moment of 
stopping the stop-watch at the termination of the test, owing to the mark on 
the periphery of the disc being, in general, a fairly large spot, so that the 
completion of the last rotation is not always noted in the correct position. 
In other words, unless care be taken, the watch may be stopped too soon or 
too late. The observation window should have engraved on it at its centre 
a small line parallel to the meter axis, and a corresponding line should be 
made on the coloured portion of the rim of the disc. This should make the 
observations more definite. If the meter be an ampere-hour meter, it is 
connected to the testing circuit in series with an accurate ammeter; or a 
potentiometer, or Kelvin ampere balance is used. The meter must be 
supported in the vertical position, and the locking device, if any, must be 
released before current is passed through the meter. The load is then 
adjusted to the correct value and is kept constant, and the speed observations 
are taken. This, of course, applies to any meter. In testing a three-wire 
ampere-hour motor meter, such as the three-wire O'K. meter described on 
page 45, the two armature circuits are either connected in series and tested, 
or each armature circuit is tested separately at different loads. The pressure 
of the circuit need not be taken into account in conducting a speed test of an 
ampere-hour motor meter, except when the testing dials of the meter are used. 

In many meters the speed of rotation is too high at full load to be deter- 
mined by counting the rotations, and the testing dials are then read at the 
commencement and termination of the test. The testing dials are generally 
calibrated to read the decimal portions of the Board of Trade unit; the 
testing constant is then not required, but the value of the voltage of the 
meter must be used in computing the watt-hours, or B.O.T. units, from the 
ammeter reading and the time. When the testing dials are used the duration 
of the test should be so chosen that complete revolutions are made, as other- 
wise errors may creep in, due to discrepancies in the dial graduations. These 
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testing dials are differently coloured from the remainder, and are only used iu 
checking the meter. For the same purpose the decimal portions of a cyclo- 
meter counter are also differently coloured. In a time test on an ampere-hour 
meter, the voltage must also be taken into aecount in estimating the units 
consumed. 

When an energy meter is to be tested, a wattmeter, an ammeter, and a 
voltmeter must be used. The connections of the different instruments to the 
testing circuits must be made in such a manner that the shunt loss of the 
meter is not indicated by the testing instruments, and that the pressure 
currents of the voltmeter and wattmeter do not pass through the series 
circuit of the meter, otherwise incorrect results will be obtained. The best 
method is to have two independent two- wire circuits, — a main current one for the 
load in which are placed the series circuits of the meters and the main current 
coils of the wattmeter and ammeter, and a potential circuit, across which are 
connected in parallel the pressure circuits of the meters, wattmeter and 
voltmeter. Even when two independent testing circuits are not available, a 
pair of potential leads should be branched from the main circuits on the 
iiupply side of. the meters and testing instruments, and the voltmeter and the 
pressure circuits of the uietei"s and wattmeters should be connected to these 
leads. 

The energy motor meter is tested by cither coimting the revolutions 
of the disc and obser\'ing the time taken, or the testing dials are read. 
Simultaneous readings of the wattmeter, ammeter, and voltmeter are taken, 
and during each test the current and voltage must be maintained perfectly 
constant. Wlien the meter is for a direct current system the wattmeter is 
not essential, but is indispensable in the case of alternating current meters, 
and the ammeter and voltmeter must be used to determine the power factor, 
if any. In ascertaining the accuracy at different loads, in general, two 
ammeters and two wattmeters are necessary, and arrangements are made to 
short-circuit the terminals of the low-reading ammeter and wattmeter at the 
high loads. If the ammeter be of the moving coil type, it is provided with 
different shunts to give the desired ranges, so that only one instrument is 
used. A three-wire energy motor meter, such as the Thomson type, may be 
tested by connecting both its main current coils in series and checking it as 
an ordinary two-wire meter, the armature circuit })eing energised at the 
proper voltage. It is also checked by testing each half of the meter as a two- 
wire meter at different loads, and the results obtahied for the two halves 
should not differ appreciably from one another. The effect of the series coils 
on the armature may be tried by so connecting them that, with the same 
current, their magnetic fields oppose one another, when the armature should 
remain stationary. The armature must be connected to the potential leads 
during the test. This method is not satisfactory, from the fact that the 
armature does not rotate, and the effect of friction cannot, therefore, be 
observed. A three-wire energy meter should be tested on a three-wire circuit. 
Two wattmeters are then employed, the one being placed in the one half of 
the system and the second in the other half. The three-wire network should 
then be balanced and the meter tested, and the tests repeated with the two 
sides unequally loaded. 

When an alternating current meter is being tested, its accuracy must be 
determined not only on different loads with a power factor of imity, but also 
when the power factor is less than unity, say 0'7 and 0'5. It is also 
necessary to keep the frequency constant, and some fonu of suitable frequency 
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indicator should be used. Induction meters are affected by variations in 
periodicity, and the frequency should be accurately known. It may be easily 
determined by taking the revolutions of the alternator with an ordinary speed 
counter, and is calculated from the following formula : — 

. , , J Revs, per minute x No. of poles 
Cycles per second = ^ — — ^ . 

^ ^ 120 

A very general method of testing a polyphase motor meter is to check 
each half of the meter in the same manner as a single-phase two-wire 
induction meter. Both the pressure circuits of the meter are placed across 
the testing mains, but current is only sent through one main current coil at a 
time. A series of tests is made with this current coil in circuit ; it is then 
entirely disconnected, and the current is passed through the other main circuit 
of the meter, when the tests are repeated. The usual standard indicating 
instruments arc used. It is most important, in using this method, that both 
the pressure circuits are always energised during the test, whichever half of 
the meter is under examination. If this precaution be overlooked, the results 
will be incorrect, owing to the braking action of the shimt flux of the un- 
loaded half of the meter; the determinations would all be too high. The speed 
of the meter disc will, with this method, be half the speed when both sides 
are loaded, i.e, with the meter connected to a polyphase system, and this fact 
must be taken into account in using the testing constant. Checking each half 
of the meter in tliis manner has the advantage of indicating the state of 
balance of the two driving torques of the meter; they should be almost 
exactly equal. When the meter has been properly adjusted and calibrated, it 
should only be necessary for such tests to be quickly conducted at a couple of 
loads, when the meter should be checked as a polyphase meter in a polyphase 
circuit. For this purpose, taking a three-phase three-wire meter, it should be 
connected to a three-phase three-wire network, when two wattmeters must be 
used. The wattmeters are joined to the system on the two-wattmeter 
method of connection, and the sum of their simultaneous readings gives the 
total three-phase power. Three ammeters and three voltmeters should also 
be employed. The meter should then be checked at different loads, both with 
the system balanced and unbalanced, first with loads of unity power factor, and 
then with loads containing either self-induction or capacity. In the case of a 
three-phase four- wire meter, three wattmeters must be employed in order to 
obtain the true three-phase power. The main cun-ent coils of the wattmeters 
are placed in the three supply mains, and the pressure circuit of each 
wattmeter is connected between that supply main in which its main current 
coil is inserted and the fourth or neutral conductor. The method of con- 
nection is exactly the same as that shown in Fig. 184 on page 188 to illustrate 
the measurement of the energy consumed in a three-phase four-wire system 
by means of three induction meters. In every case when an energy meter is 
being tested, care must be exercised that no pressure current passes throiigh 
the main current circuits of the meter (or meters) and those of the indicating 
instruments. This is specially important when a number of meters are tested 
in series, and the pressure circuits should then always be completely isolated 
from the main current terminals of the meters and connected in parallel across 
the testing circuit. The arrangement of the terminals should admit of this 
without the necessity of disturbing the main meter cover. When an 
alternating current meter is to be used with a special current or pressure 
transformer or two such transformers, it should be tested, connected to the 
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tranBformer, or trausformers, as for ordinary use, especially for inductive 
loads. 

Explanations of the adjustments of motor meters, especially those of 
the induction type, will be found in the descriptions of the different meters 
given in the foregoing chapters. The principal adjustment is that of the 
permanent magnets to control the speed of the meter at heavy loads, where 
the effect of any slight discrepancy at light loads is not very appreciable. 
The other important adjustment is the regulation of the light-lc»d or friction- 
compensating device for varying the speed oil small loads. In addition, an 
induction meter has to be provided with a phase adjustment, so that its 
indications will be correct on loads having the usual power factors met with 
in practice. This also applies to each half of the polyphase meter. 

The effect on the indications of a meter of an increase or decrease in the 
voltage is readily determined by testing the accuracy at one and the same 
load with pressures applied to the testing mains, differing by 10 per cent, 
above and below the normal. Similar tests have to be taken for differences 
in frequency and temperature. Creeping is determined by energising the 
shimt circuit of the meter, with the main circuit open, on a voltage 10 to 20 
per cent, in excess of the normal ; the meter disc should remain stationary. 
In testing a meter it should be in a position remote from magnets, bus-bars, 
or heavy current cables, the magnetic fields of which may influence its 
accuracy. It might be advisable to test a switchboard, astatic meter, such as 
the Thomson type, in the vicinity of such magnetic fields, as it is impossible, 
for mechanical reasons, for the meter to be absolutely independent of the 
magnetic fields emanating from bus-bars, feeders, and heavy current con- 
nections, which, as a rule, do not occupy a symmetrical position relatively to 
the two armatures of the meter. The weakening effect on the permanent 
magnets of an abnormal current through the main circuit of the meter is 
examined by subjecting the meter to a short-circuit through a fuse of double 
the capacity of the meter, and afterwards taking speed tests at full load. 

Testing OsciUating, Clock, and Electrolytic Meters. — An oscillating meter, 
such as the Electrical Company's type described in Chapter V., is tested in 
the same manner as a motor meter. In counting the oscillations of the 
meter disc, care must be taken to include whole oscillations only. A complete 
oscillation corresponds to one rotation in a motor meter^ and is the passage of 
the meter disc twice in succession in the same direction through a given 
position. In the testing formula, N now means the number of oscillations, 
and K connects the rate of oscillation with the power in watts. The method 
of checking an Aron clock meter is to take a time test, usi^ally at fuU load 
only, as the law of the meter is a straight line law. The duration of each 
test should be an exact multiple of twenty minutes, as in this way errors due 
to want of synichronism are eliminated. The test for the creeping error of 
the Aron meter can only be taken by energising its pressure circiiit, without 
load on the meter, for a week or longer, and noting the readings of the dials 
every day A non-creeping device is now attached to these meters. It con- 
sists of a small coil in the pressure circuit of the meter, and is placed so that 
it acts on one pendulum coil only, tending to drive the meter backwards. 
This backward movement is, however, prevented on no load by a pawl 
attachment to the register. 

In electrolytic meters, such as the Wright shunted type and the Bastian 
un-sh anted meter, time tests have also to be taken. The meter is placed in 
the circuity the current, usually a full load current, is maintained steady, and 
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the scale readings are carefully i-ead during the test. Jn the Wright meter 
the temperature coefficient of the circuit comprising the fine wire resistance 
and the electrolytic cell should be tested for any change for a range of 10 
degrees Centigrade above or below the normal. Either a full load test is 
conducted at a temperature differing by this amount from the normal, or the 
resistance of the cell circuit is measured by a potentiometer at the normal 
temperature and at a higher one. In a properly adjusted meter, no difference 
will be found. The accuracy of the point at which the mercury syphons over 
in those meters fitted with the secondary 100-unit scale is examined by 
shaking over mercury until the mercury column stands at 97 or 98 on the 
unit scale ; a current is then passed through the instrument until the mercury 
flows over. The syphoning point should occur at the 100th division. The 
calibration of the Bastian meter may be quickly checked without passing 
current through the meter. Water is poured into the tube up to the lowest 
scale division with the electrodes inserted, when, by means of a burette, 
quantities of water are added equivalent to 10 or 20 units at the voltage 
for which the meter is calibrated, and the different levels noted. They should 
coincide with the corresponding scale divisions. 

Determination of tne Losses in a Meter. — Power is wasted in both the 
series and pressure circuits of an energy meter, but of the two losses the 
shunt loss is the more important. In a direct current meter the loss in the 
main current circuit is determined by measuring the drop at full load between 
the main current terminals of the meter with an accurate low-reading volt- 
meter, or a potentiometer may be used, and multiplying the drop in volts by 
the current in amperes. In general, it is only necessary to ascertain the drop. 
The shunt loss is found by measuring the resistance in ohms of the pressure 
circuit, when the quotient of the square of the normal working voltage of 
the meter by the resistance will be the watts lost in the shunt at this 
pressure. Before a* measurement of the resistance is taken, the normal 
working voltage should be applied to the shunt circuit of the meter for quite 
an hour, with the meter cover on during this time. In fact, all measurements 
should be made without disturbing the cover of the meter. In many meters 
the removal of the cover will make a perceptible difference to the meter speed 
at full load. The shunt loss may also be determined by measuring the 
current in the pressure circuit. The product of the pressure and the current 
is the power wasted. The former method is, however, the simpler and better 
of the two. 

The above methods for obtaining the series and shunt losses are not 
applicable to a meter of the induction type, on accoiint of the self-induction 
of its circuits. The shunt loss may be measured by means of an accurate 
low-reading wattmeter. The wattmeter is placed in the alternating current 
mains with the meter under test, but in front of the same, so that the only 
load on the testing mains is that due to the pressure circuit of the meter 
and is indicated by the wattmeter, care being taken that the pressure current 
of the wattmeter does not pass through its series coil. An approximate 
result may be obtained by connecting a number of meters of the same ampere 
capacity, voltage, and freqiiency to the circuit in this manner, the pressure 
circuits of the meters being all in parallel across the mains, and constituting 
the load. The aggregate watts lost in the shunts of the meters will be given 
by the wattmeter reading ; dividing this number of watts by the number of 
meters tested will give an approximate average value of the shunt loss per 
meter. The only advantage of the method is that a wattmeter of larger 
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capacity can be used. An accurate determination of the shunt loss may Ikj 
carried out by employ iug the three- voltmeter method of measurmg power iu 
an alternating current circuit containing self-induction. For this purpose 
three voltmeters and a non-inductive resistance are necessary. The non- 
inductive resistance is connected in series with the shunt circuit of the meter, 
and an alternating current pressure is applied to the terminals of the circuit 
so formed. The one voltmeter is connected direct across the circuit, the 
other is joined to the shunt terminals of the meter, and the third is placed 
across the non-inductive resistance. The total voltage applied and the non- 
inductive resistance must be so regulated that the pressure across the shunt 
of the meter is the normal working voltage for which it is intended. The 
watts dissipated iu the shunt at this pressure are given by the following 
equation : — 

where r is the known value iu ohms of the non-inductive resistance, V, V, , 
and Vg being the voltages given by the three voltmeters, taken in order 
across the total circuit, the shunt of the meter, and the non-inductive resist- 
ance. The advantage of the method is that it is totally independent of self- 
induction, but it has the disadvantage that, to render it sensitive, the volts 
Vg lost in the non-inductive resistance should be comparable with Vj. The 
power wasted in a circuit containing self-induction may be measured by the 
three-ammeter method. The circuit under test iu series w^ith an ammeter 
is shunted by a non-inductive resistance also in series with a second ammeter. 
The parallel circuit so formed is placed in one of the testing mains, in which 
is inserted a third ammeter, so that the currents in the branch circuits flow 
through it, three simultaneous readings of the ammeters are taken, and the 
power wasted is calculated from the formula 

W = i;(A^ - A,« - A,*), 

where R is the resistance of the non-inductive shunt, A is the current in 
amperes by the ammeter in the main circuit, Aj is the current in amperes by 
the ammeter in the circuit having self-induction, and A.^ is the ammeter 
reading of the current in the non-inductive shunt. The above two methods 
of measuring power in an alternating current circuit have the disadvantage, 
in common, that a small error in either the ammeter or voltmeter readings 
introduces a large error into the result, which depends on the squares of the 
readings. The drop in the series circuit of the induction meter is measured 
by means of -a low-reading voltmeter suitable for measuring alternating 
current pressures. 

Testmg Meters in situ, — A meter may give satisfactory results when 
checked at the station, and yet may develop serious faults after some months 
of continued use under the conditions which obtain in practice. It is, there- 
fore, not only desirable but important to systematically test the accuracy of 
a meter while in circuit. Such periodical tests show at once the condition 
of a meter, and are the only means by which faults can be detected. For 
testing meters in situ a stop-watch, a portable testing instrument, and a 
testing load are required. The testing load usually consists of resistances, 
or a number of lamps, arranged in a portable case provided with quick- 
break switches for varying the load. The testing instrument may be either 
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a portable standard wuttuietcr, or a tcatiii^; net cunsiHtiiig of a combined 
voltmeter and au)met«r of the moving coU type, having various ranges. For 
an alternating current circuit the wattmeter should invariably be used. 

The test may be cond<icted in one of two ways ; either the consumer's 
lamps may be used For the load, when the testing instruments must be 
placed in the installation, or a separate circuit must be branched off the 
supply mains and the meter placed in it together with the artifictal load .and 
wattnieter, or ammeter and voltmeter. This latter method should always 
be employed, as it is independent of the consumer's load. With either 
method it ia necessary to interrupt the consumer's circuit at the start and 
tiuish of the teat, unless special connections, called test terminals, have been 


installed with the uieter. These conueotious consist of terminals with sliort- 
circuitiug bars or plu^ and they are either mounted in a separate and 
portable form on a slate or marble base, or are permanently attached to the 
meter. By their aid the operations incident to. changing the meter from one 
circuit to the other and re-inacrting it in the installation, or replacing it by 
a new meter, may be rapidly and easily performed without any interrnption 
to the consumer's circuit. These testing connections are largely used on the 
C'ontincnt, and are made by many Oontinental manufacturers, differing oidy 
in form, arrangement, and the number of intercomicctions which have to be 
made. The test terminals of the Deutsch-Huesischc Elektricitiitszahlcr- 
tiesellscliaft, Germany, are of very simple form, and may be regarded an 
typical of this class of meter accessory; they also have the advantage that 
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only one screw p]iig need be manipulated in shortrCircuJtiiig tlic meter, or iu 
opeiiiug and closing a current circuit. The general appeamnce uf tbe test 
tcmiiuals made by this oonipany will be gathered from the illustrations in 
Fig. 303, of which the upper set is for a two-wire circuit, and the lower one 
representu the arrangement for a three-wire network. Referring to the two- 
wire test terminals in Fig. 303, the ends of the main current circuit of the 
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lufter are hmnght to the terminals I and III at the top, and the temiinaJs 
1 and II are conuectud by the bottom screws to one of the supply mains. The 
shunt tenninal of the meter is connected to the terminal IV, which is joined 
to the other supply maiii. In this position, with the screw plug a inserted in 
its hole a' between the tortninalx II and III, ttie meter is connected to the iuetalla- 
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tion tor everyday use, as shown diagramruatically at A in Fig. 304. When 
the meter is to be tested on the artificial load, the screw plug /i. Fig. 303, iij 
firet placed in the hole 1/ between the terminals I and II, as illustrated by the 
diaj^m at B in Fig. 304. The meter is now short-circuited, and can, if 
necessary, he entirely disconnected and a new one inserted in its place. Tbe 
screw plug a. Fig. 303, is then removed from the hole a', and tbe meter is 
ready for testing on the artificial load, after the necessary connections have 
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been made, as shown by the diagram at C in Fig, 304. The diagram at D 
illuBtrates the case when the meter is to be t«sted on the load of the installa- 
tion. The three-wire test tenuinals may be used in a similar manner. Fig. 
305 ia a diagram giving the acti»l connections between the t<«t terminals 
and the terminals »f this company's two-wire meter. The shunt wire from the 
+ main to the test terminal, as in the diagram, must be of suilicieut size to 
carry the whole testing current, as it will be seen, on reference to diagram C, 
Fig. 304, that this current paSHes through the shunt connection when the 
meter is under test on the artificial load. 

Aron Portable Meter. — For taking time tests a portable standard meter 
is very useful, such as the Aron portable type, illustrated in Fig. 306. It 


Fid. 306. 

difturs in a few details from tlie ordinary meter. The peiiiliihiiuti a^ve balanced 
by counterweights, and controlled by flat springs which oscillate with the 
pendulums. Une end of each spring is fi.ted to the pendulum rod, and tho 
other end is attached to a support on the clock frame. These flat springs, 
which are also being introduced into the ordinary hoiisoservice meter, enable 
a much higher oscillation difference per hour to he o]>tAined than in the 
ordinary tj-pe with gravity-controlled pendulums, in which it amounts to 
about 3000. The sensitiveness of Lhe meter is thus largely increased. The 
portable type laay Iw placed almost in any position without producing any 
adverse result in itn registrations, the variation not exceeding 2^ per cent. 
The slight inetjuulities in level usually found in practice will, therefore, 
not atlect its accuracy. These instruments are generally provided with 
two shunt circuits to enable them to be used on two different voltages. They 
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can be arranged with four different prosaiiro circuita, and for both alternating 
aiid direct current up to 400 amperes. 

Thocuoa Portable Meter. — -For tram-car teetiug under ninuing uun- 
ditiona, and for other claaaes of work requiring a port»ble inBtrumeiit, the 
Britiiih Thoinsou- Houston Compaoy use their meter illustrated in Fig. 307. 


The meter in suspended within the case by metalhc springs, which absorb the 
jars and vibratioua. For general car-testing the 25-aKipere size is mostly 

In making a test with a standard meter the same care must be taken as 
regards the connections of the presstire circuits of the meter under test and 
the standard as with a wattmeter, or ammeter and voltmeter. These pressure 
circuita mriat be so connected together in parallel across the uiaiux, that the 
currents they take do not flow in the main cii-cuit of eitlier instrument. 
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Pbrgbntaob Errors of Continuous Gurrbnt Thrse-wirb 
Energy Motor Metbrs (see page 26). 

Tablr a. — Armature circuit of meter coonected across the outer conductors of the 
three-wire system, — i.e. energised by the total three-wire voltage. 


Difference of Pressure 
between the Two Sides 

expressed as 

Percentage of the Total 

Three-wire Voltage. 


Percentage Error. 


10 per cent. 

Out-of- Balance 

Current. 


15 per cent. 

Out-of-Balance 

Current. 



1 

n 

5 
10 
1.5 
•20 




0-058 

0-132 

0-264 

0-529 

0796 

1-064 




0-081 

0-203 

0-407 

0-817 

1-229 

1-648 


20 yer cent. 

Out-of- Balance 

Current. 




0-111 

0-278 

0-659 

1-123 

1-695 

2-272 


Xofe, —The nioter roads high. 


Tablk B. — Armature circuit of meter connected between the neutral main and one 
of the two outer conductors, and etiergised by the greater of the two voltages. 


Difference of Pressure 
between the Two Sides 

expressed as 

Percentage of the Total 

Three-wire Voltage. 




1 

2A 

5 
10 
15 
20 


Percentage Error. 


10 jier cent. 

Out-of- Balance 

Current. 




1-053 

2-635 

5-277 

10-582 

15-915 

21 -276 


15 i)er cent. 

Out-of-Balance 

Current. 




1-090 

2-708 

5-427 

10-899 

16-415 

21 -978 


Note. — The meter reads high. 
817 


20 jier cent. 

Out-of-Balance 

Current. 




1-112 

2-785 

5-586 

1 1 -236 

16*949 

22-727 
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Table 0. — Armature circuit of meter connected between the nsutral main and one 
of the two outer conductors, and energised by the smaller of the two voltages. 


Difference of Pressure 
between the Two Sides 

expressed as 
Percent!^ of the Total 

Three-wire Voltage. 



•1 

2i 

5 

10 
15 
20 


Percentage Error. 


10 per cent. 

Out-of-Balance 

Cnrrent. 


15 per cent. 

Out-of-Balance 

Current. 




0*948 
2-371 
4*749 
9*523 
14-323 
19*149 




0*920 
2-808 
4*613 
9-264 
13-953 
18*681 


20 per cent. 

Ont-of-Balance 

Current 




0-889 
2-229 
4-469 
8*988 
13*559 
18-181 


Note, — The meter reads low. 

The above tables are based on the article "Behaviour of Continuous 
Current Three-wire Energy Motor Meters" on page 26, Chapter II., from 
which they can be readily verified. 


NEW ELEGTROLTTIG METERS. 

Since going to press some interesting electrolytic meters, omlxxlying 
several novel features, have been brought out by Messrs Mordey & Fricker 
and by Mr S. H. Holden, the details of which were, however, received too 
late for pu>)lication. For this reason only a passing reference can be made 
to them. A very good description of the Mordey-Fricker prepayment electro- 
lytic meter will be found on page 549 of the ElectHcxd Review^ vol. 57, 1905 ; 
and for the features of the Holden meters the reader is referred to the 
paper, "Two New Electricity Meters," read by Mr Holden at the meetuig, 
December 13, 1905, of the Birmintjham Seciion of the Institutum of KleciriccJ 
Engineent, 
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Holden, 318. 

law of the, 19. 

Mordey-Fricker, 318. 

Wright, 29. 
Ampere-hour motor meter — 

Chamberlain and Hookham, 34. 

Eclipse, 47. 

Electrical Company's, 46. 

Ferranti, 87. 

general description and classification of, 
38. 

Hartmann k Braun, 48. 

law of the, 21. 
Am|)ere-hour oscillating meter — Mordey- 
Fricker, 50. 
Armature shaft and detachable pivot of 

Duncan meter, 287. 
Aron clock meter — 

battery types, 96. 

house-service type, 70. 

maximum demand, 248. 

poIy})hase (three- and four- wire), 194. 

portable, 815. 

spring cyclometer counter of, 298. 

switchboard, 103. 

tram-car, 108, 

two-rate, 272. 
Aron induction motor meter, 154. 
Atkinson -Schattner maximum demand indi- 
cator, 250. 

Ball bearing of Electrical Company's meter, 
287. 
of Scheeffer meter, 287. 
of Westinghouse meter, 287. 
Bastian electrolytic meter, 32. 
Bat induction meter, 155. 
polyphase meters (three- and four-wire), 
199. 


Bat two-rate meters, 279. 
Battery meters — 
Aron, 95. 

Deutsch-Russische, 97. 
Miller reversible, 96. 
O'K., 97. 

Siemens-Schuckert, 99. 
Battery systems — 
British Thomson-Houston one-meter, 94. 
two-meter, with ratchet and pawl, 92. 
without ratchet and pawl (Electrical 
Company), 92. 
Bearings — 
Duncan * Visual,' 293. 
jewel, 287. 
meter, 287 et seq. 
Siemens-Schuckert, 289. 
Stanley rotated, 295. 
Thomson, 289. 
Beaumont, F. J. (prepayment meter), 223. 
Behaviour of continuous current three -wire 
ener^ motor meters, 26. 
of three-phase three-wii*e induction meters 

on inductive loads, 188. 
of three-phase three- wire meter wrongly 

connected, 190. 
of three -wire single -phase induction 
meters, 114. 
Board of Trade — 
error limits, 5. 
meters ap])roved by, 16. 
unit, 1. 
Braulik, G., meters of (.vx- Luxsche 

Industriewerke). 
British Thomson -Uouslon Company — 
A.C.T. induction meter, 171. 
O'K. ampere-hour meter (two- wire), 43. 

(three-wire), 45, 46. 
one-meter battery systems, 94. 
prepayment meter, 227. 
Thomson house-service meter, ty|)e A, 54. 
polyphase meter, 206. 
portable meter, 316. 
switchboard (astatic) meters, 100. 
tram-car meter, 107. 
two-meter battery system ^ith ratchet 

and pawl, 92. 
two-rate meters, 279. 
Brush-Gutmann induction meter, 157. 
Brush-Sangamo mercury motor meter, 87. 
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Galibbation, permanency of, 7- 
Capacity of a meter, 15. 
Chamberlain k Hookham — 
alternating current meter, 149. 
ampere-hour meter, 84. 
battery system, 92. 
prepayment meter, 235. 
switchboard, 99. 
two-rate meter, 26S. 
watt-hour mercury motor meter, 89. 
Charging, systems of {see Tariff systems). 
Chemical meter, law of the, 19. 
Classifications of meters, 1. 
Clock meter, Aron, 70, 95, 103, 108, 194, 
248, 272. 315. 
law of the, 23. 
Clock meters for special purposes, suitability 

of, 15. 
Compagnie Anonyme Continentale pour la 

Fabrication des Compteura, Paris — 
' induction meters, types B.L. and I.R., 177. 
Vulcan ordinary meter, 61. 
prepayment meter, 230. 
Compagnie pour la Fabrication de« Comp- 
teurs, Paris — 
A.C.T. induction meter, 171. 
O'K. ampere-hour meter (two-wire) 48. 
battery meter, 97. 
compounded meter, 44. 
three- wire meter, 46. 
prepayment meter, 243. 
Thomson meter, 55. 
two-rate meters, 274. 
Comparison of equations for three-phase 
systems with three and with four 
conductors, 131. 
Compensation, over- and under-, 134. 
Condition for use of one single-phase in- 
duction meter (three-phase three- 
wire system), 189. 
Constant, testing, 303. 
Continuous current meter, 18 ^^ seq. 
Cri tenons of a meter, 10. 
Current and pressure transformers, metei-s 

with, 183. 
Current, properties of a, 2. 
Cyclometer counter, 298. 
Aron spring, 298. 
Siemens-Sclmckert weight, 299. 

Dbsion of meters, mechanical, 284. 
Deutsch-RussischeElektricitatszahler-Gesell- 
schaft — 
battery meter, 97. 
direct current meter, tyjw E., 83. 
induction meter, 145. 
step-tariff meter, 262. 
three-phase meter, 201. 
tram-car meter, 108. 

two-rate meter (electrically connected), 
257. 
(mechanically connected), 259. 
Dial register, 298. 
Double-tariff meters (see Two-rate meters). 


Double- tariff systems (.s^/^ Two-rate systems). 
Driving torque, 21 . 
values of: — C-.C. quantity motor meters. 
Table I., 12. 
C.C. energy motor meters. Table II., 

13. 
single-phase induction nietei*s, Tablo 
fll., 14. 
Duncan, T., 8. 

Duncan watt-hour meter, 57. 
armature shaft i£nd detachable pivot of, 

287. 
visual bearing of, 293. 

Eclipse ampere-hour motor meter, type 
C.R. , 47. 
induction meters, types F.E.O. and 

F.E.M., 180. 
watt-hour raetei's, 62. 
Effect of over-compensation and under- 
compensation, 134. 
of WTongly connecting a three-phase three- 
wire meter, 190. 
Electrical CJompany*s meters — 
ampere-hour, type R.A,, 46. 
ball bearing of, 287* 
cyclometer counter of, 298. 
induction, type E.J., 135. 
oscillating, types K,G. and G., 77. 
switchboard, 103. 
three-phase, 200. 
two-meter battery system, 92. 
two-rat«, 263. 
Electrical energy, 18. 

quantity, 18. 
Electrical Standards Laboratoiy, 5. 
Electro-magnetic action, 20. 

meters, 2. 
Electrolytic meter, 15. 
Bastian, 32. 
Holden, 318. 
law of the, 19. 
Mordey-Fricker, 818. 
Wright, 29. 
Energy, electrical, 18. 
Equations, general, 18". 
for a three-phase three- wire star system, 

120. 
for a three-phase three-wire delta system, 

125. 
for a three-phase three-wire system with 

four conductors, 128. 
for a three-phase three-wire system 
with three and with four conductoi-s 
(comparison of), 131. 
Error, calculation of percentage, 305. 
limits, 5. 
of the Board of Trade, 5. 
of the Physikaliach-Technische Reichs- 
anstalt, Germany, 6. 
Errors, percentage (C.C. three- wire energy 

motor meters), 317. 
Evershed frictionless motor meter, 66. 
magnetic suspension, 297. 
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Fbrsamti ampere-hour motor meters, 87. 
Ferranti-Hamilton induction meter. IGO. 
Flat rate systems, with and without dis- 
counts, 210. 
Fort Wayne induction meter, type E, 162. 
type W, 164. 

polyphase meter, 202. 

prepayment meter, 231. 
Fncker ampere-hour meter, 50. 

electrolytic prepayment meter, 818. 

maiimum demand indicator, 261. 

prepayment meter (clock type), 237. 
Friction, elimination of, 66. 
Frictional resistances (motor meter), 68. 
Frictionless motor meter, Evershed, 66. 
Function of an electricity meter, 1. 

Gbipsl k Lanoe— 

Vulcan house-service meter, 61. 
prepayment meter, 280. 
General Blectric Company, U.S. A. — 

high-torque induction meter of, 164. 

pivot used in meters of, 286. 

polyphase meter of, 206. 

prepayment meters of, 241. 

switchboard (astatic), 101. 

Thomson meter of, 66. 

tram-car meter of, 107. 

two-rate meter of, 266. 
General equations, 18. 

General principles of continuous current 
meters, 18. 

of single-phase and polyphase induction 
meters, 109. 
Guarantee, 9. 

Gtttmann induction meter {see Brush- 
Gutmann), 167. 

Halle tariff ^stem (A. Jung), 216. 
Hartmann k Braun ampere-hour meter, 48. 

energy meter (CO.), 68. 

induction meter, 189. 
Heating eifect of a current, 2, 26. 
Holden meters, 818. 
Hookham meters {see Chamberlain and 

Hookham). 
Hookham, G., on })ermanent magnet 

circuits, 7. 
Hopkinson, Dr John, 209. 
Hour meter system, 218. 

meters, 280. 

Importai!CE of meters, 2. 
Induction meters — 

A.C.T., 171. 

Aron, 154. 

Bat, 165. 

Bruish-Gutmann, 167. 

condition for use of one single-phase, 
(three-phase three-wire system), 189. 

Deutsch-Ruseische, 146. 

Eclipse, types F.E.G., F.E.M., 180. 

Electrical Company's, 185. 

Ferranti-Hamilton, 160. 


Induction meters- 
Fort Wayne, 162. 

mneral dfesciiption of, 188. 

Hartmann k Braun, 189. 

Hookham, 149. 

law of the. 111. 

MizA^Geneet, 148. 

Scheeffer, 166. 

Siemens-Schuckert, 140, 

Stanley, 166. 

Thomson high -torque, 164. 

types B.L. and I.E., 177. 

Westinghouse, 149. 
Inductive and non-inductive loads, 114. 
Inductive loads, behaviour of three-phase 

three-wire meters on, 188. 
Integrating meofaanisms, 2, 297. 
Intermittent integration, 2. 
International Electric Company's meters {see 

Mix k Genest). 
Introductory and general remarks, 1. 

Joule's law, 26. 

Jung, A. (Halle tariff system), 216. 

Kallmann, Dr M. (step-tariff system), 
212. 

Law of the chemical (electrolytic) meter, 
19. 
clock meter, 28. 
induction meter. 111. 
magnetic brake, 7. 
motor meter with brake, 21. 
without brake, 28. 
Losses in a meter, determination of the, 311. 
series and shunt, 9, 11. 
values of shunt. Table II. (C.C.), 13. 
Table IIL (A.C.), 14. 
Luxsche Industriewerke, meters of the — 
Eclipse ampere-hour, 47. 
induction, 180. 
double-tariff, 279. 
watt-hour, 62. 

Magnet, retentivity of permanent, 7. 
Magnetic brake, law of the, 7. 

field, rotatoiy, 110. 

suspension, Evershed, 297. 
Stanley, 294. 
Manchester system, 211. 
Maximum demand indicators — 

approved by the Board of Trade, 17. 

Aron, 248. 

Atkinson-Schattner, 260. 

definition of, 248. 

Fricker, 251. 

Merz, 266. 

Reason electro-magnetic, 256. 

Wright, 252. 
Maximum demand system, 211. 
Measurement of polyphase power, 120. 
Mechanical design, general, 284. 
Mercury electrolytic meter (Wright), 29, 

21 
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Mercury motor meters (ampere-hour)— 
Chamberlain k Hookfaiam, 84. 
Ferranti, 37. 
(watt-hour) — 

Brush-Sangamo, 87. 
Chamberlain and Hookham, 89. 
Meter bearings, 287. 
Meters — 
approved by the Board of Trade, 10. 
battery, 91, 95, 96, 97, 99. 
calculation of percentage error in, 805. 
capacity of, 15. 
chemical, law of, 19. 
classification of, 1, 2. 
dock, 15, 28, 70, 95, 108, 108, 194, 248, 

272, 315. 
continuous current, general principles, 
18-27. 
quantity, 28-51. 
continuous current energy, of different 
types, 70-90. 
energy motor type, 26, 52-69. 
oriterions of, 10. 
design of, mechanical, 284-800. 
electrolytic, 19, 29, 32, 818. 
electro-magnetic, 20. 
importance of, 2. 
induction, 132-184. 
limits of eiTor in, 5, 6. 
losses in, 9, 811. 

motor, 21, 38, 34, 37, 46, 47, 48. 
with brake, law of, 21. 
without brake, law of, 28. 
oscillating, 50, 77. 
polyphase, 185-208. 
prepayment, 222-247. 
quantity, 28. 
selection of, 11. 

single-phase and polyphase, general prin- 
ciples, 109-131. 
single-phase induction, 182-184. 
soMe requisites of, 8. 
switchboard, 99. 
tariff and hour, 248-283. 
testing, 301-316. 
tram-car, 107. 

with current and pressure transformers, 188. 
MUler reversible battery meter, 96. 
Mix k Qenest direct current energy meter, 68. 

induction meter, 148. 
Mordey-Fricker meters {see Fricker). 
Motor meter with brake, law of, 21. 
without brake, law of, 23. 

Non-inductive and inductive loads, 114. 

O'K. BATTERY meter, 97. 

compounded meter, 44. 

three- wire meter, 4.^. 

two-wire meter, 43. 
Over- and under-compensation, 134. 

Pbloitx meter (Siemens-Schuckert), 85. 
Percentage errors of C.C, three- wire energy 
motor meters, 817. 


Permanency of calibration, 7. 

Phase compensation, metliods of, 138. 

difference between pressure and main 
current fields, 138. 
Physikalisch-Technische Reichsanstalt, Ger- 
many, error limits of the, 6. 
Pivot of meter of General Electric Company 

(U.S.A.), 286. 
Polyphase meters, 185. 

A.C.T., 201. 

Aron, 194. 

Bat, 199. 

Deutsch-Russische, 201. 

Electrical Company, 200. 

for a three-phase four- wire system, 187. 

Fort Wavne, 202. 

general description, 187. 
iemens-Schuckert, 202. 

Thomson, 206. 

Westinghouse, 207. 
Polyphase power, measurement of, 120. 
Portable meters — 

Aron, 815. 

Thomson, 316. 
Prepayment meters — 

Beaumont, 223. 

British Thomson-Houston, 227. 

Fort Wayne, 231. 

Sneral description, 222. 
ookham, 235. 
Mordey-Fricker, 237. 
Reason, 289. 
Vulcan, 230. 
Watson, 248. 
Prepayment system, 218. 
Pressure transformers, meters with current 
and, 188. 

Quantity meter — 
advantage of, 28. 
classification of, 28. 
definition, 28. 

meters {see Electrolytic and ampere-hour 
motor meters). 

Reason Manufacturing Company — 
electrolytic meter (Wright), 29. 
maximum demand indicators — 
electro-magnetic, 256. 
Merz, 256. 
Wright, 262. 
prepajonent meter, 239. 
Register, dial, 298. 

Registers, meter {see Integrating mechan- 
isms), 297. 
Requisites of a meter, 8. 
Retarding torque of magnetic brake, 7, 22. 
Rotating vectors. 111. 
Rotatory magnetic field, 110. 

Sanoamo mercury motor meter {see Brush- 

Sangamo), 87. 
Scheeffer induction meter, 165. 
ball bearing of, 287. 
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Selection of a meter, 11. 
Series loss, 9. 
Shafts and piyots, 286. 
Shunt Ices, 9. 
values of (C.G. meters, Table II.), 13. 
(A.C. meters, Table III.), 14. 
Siemens-Sohuckert meters — 
battery, 99. 

bearing and locking device of, 289. 
continuous current (types G.B. and O.K.), 

64. 
induction, type W.B.J., 140. 
typeW., 141. 
type Wj., 148. 
. intermittent integrating meter, 2, 105. 
Pelouz, 85. 
polyphase, 202. 
switchboard, 104. 
two-rate, 270. 

weight cyclometer counter of, 299. 
Single- phase alternating current meters 
[aee Induction meters), 
power and energy, 109. 
Spindle and pivot of A.G.T. meter, 286. 
Stanley induction meters, 166. 
magnetic suspension, 294. 
rotated jewel bearing, 295. 
Step-tariff meter (Deutsch-Russische), 262. 
system of charging (Dr M. Kallmann), 
212. 
Supply, unit of, 1. 
Switchboard meters, 99. 

Taeiff and hour meters, 248-283. 
Tariff systems — 
flat rate, with and without discounts, 210. 

feneral, 209. 
lalle (A. Jung), 215. 

hour meter, 218. 

Manchester, 211. 

maximum demand (Wright), 21 1. 

prepayment, 218. 

step-tariff (Dr M. Kallmann), 212. 

two-rate, 217. 
Test terminals, 313. 
Testing (general remarks), 9, 301. 

constant, meaning of, 808. 

meters in situ, 312. 

motor meters, 307. 

oscillating, clock, and electrolytic 
meters, 810. 
Thermal effect, 25. 
Thomson meter — 

British Thomson-Houston Co., 54. 

Oompugnie pour la Fabrication des Omp- 
teurs, Paris, 55. 

General Electric Co., U.S.A., 56. 

high-torque induction, 164. 

jewel bearing of, 289. 

polyphase induction, 206. 

portable, 816. 

switchboard, 100. 

tram-car, 107. 
Three-phase four- wire system, 128. 


Three-phase three-wire meter, effect of 

icrongly connecting a, 190. 
Three-phase three-wire systems — 

delta, 125. 

star, 120. 
Three-wire meters — 

behaviour of (CO. energy motor type), 
26. 

electrolytic (Wright), 31. 

0*K., 45. 

single-phase induction, 114. 
Time meters {He Hour meters), 280. 
Torque, driving, 21. 

retarding (magnetic brake), 7, 22. 

values of driving (Tables I.-III.), 12-14. 
Tram-car meters, 107. 
Transformers, meters with current and 

pressure, 183. 
Two-phase system, 127. 
Two- rate meters — 

Aron, 272. 

Compagnie pour la Fabrication des Oomp- 
teurs, Paris, 274, 

Deutsch-Bussische, 257. 

Electrical C)ompany, 263. 

general description of, 257. 

General Electric Co., U.S.A., 266. 

Hookham, 268. 

Luxsche Industriewerke, 279. 

Siemens-Schnckert, 270. 
Two-rate system, 217. 

Union Electric Ck)mpany's meters ^aee 

Hartmann & Braun). 
Units, supply, 1. 

VscTOBS, rotating, HI. 
Vulcan house-service meter, 61. 
prepayment meter, 230. 

Watson prepayment meter, 248. 
Watt-hour meters (continuous current) — 

Acme, 80. 

Aron, 70. 

Brush -San|;amo, 87. 

Chamberlain & Hookham, 89. 

Deutsch-Russische, 83. 

Duncan, 57. 

Eclipse, 62. 

Evershed, 66. 

Hartmann & Braun, 68. 

Mix & Genest, 63. 

oscillating (Electrical Co.), 77. 

Pelonx (Siemens-Schuckert), 85. 

Siemens-Schuckert, 64. 

Thomson (B. T.-H. Co.), 64. 
(G. E. Ca, U.S.A.), 56. 

Vulcan, 61. 
Westinffhouse meter, ball bearing of, 287. 

])ol}amase, 207. 

single- phase induction, 149. 
Wright electrolytic meter, 29. 

maximum demand indicator, 252. 
system, 211. 
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Materials. — Dock and Quay Walls. — Entrance Passages and Locks. — 

Jetties, Wharves, and Piers. — Dock Gates and Caissons. — Transit Sheds 

and Warehoases. — Dock Bridges. — Graving and Repairing Docks. — 

Working Equipment of Docks. — -Indbx. 

" We have never seen a more prof aBely^illnstrated treatlae. It is a most important 
standard work, and should be In the hands of all dock and harbour engineers." — Steanuhip. 
'* Will be of the greatest service to the expert as a book of reference."— JVn^flMf. 


In Large Svo. With Folding Plates and Numerous Illustrations. 16s. net. 

A COMPANION VOLUME TO "DOGE ENGINEERING." 
THE PBTNOIPLES AND PRAOTIOS OF 

HARBOUR ENGINEERING. 

By BRYSSON CUNNINGHAM. 

Contents. — Introductory. — Harbour Desi^. — Surveying, Marine and 
Submarine.— Piling. — Stone, Natural and Artificial. —Breakwater Design.— 
Breakwater Construotion. — Pierheads, Qua^s, and Landing Stages. — 
Entrance Channels.— Channel Demarcation. —Index. 

" The best and most complete book we have seen on the Bub\ect,"-~Stea/m»hip, 
*' This is a standard work . . . sure to prove a valnable book of reference."— 
Skipping World. 

In Large Crown Svo. Handsome Cloth. 4s. 6d. net. 

THE THERMO-DYNAMIC PRINCIPLES OF 

ENGINE DESIGN. 

By LIONEL M. HOBBS, 

Engineer- Lieutenant, B.N.; Instmotorin Applied Mechanics and Marine Engine 
Desisn at the Boyal Naval College, Oreenwioh. 

'* Serves Its purpose admirably . . . should prove of invaluable service . . . well 
np-to-dftte/'— Mjppina World. 


In Large Svo. Cloth. Fully Illustrated. lOs. 6d. net. 

THE PROBLEM OP PLIGHT. 

By HERBERT CHATLEY, B.Sa(ENo.), London, 

Professor of Civil Engineering. Tong Shan Engineering College, K. China. 

CosTKNTS.— The Problem of Flight— The Helix.— The ASroplane.— The Aviplane.^ 
Dirigible Balloons. —Form and Fittings of the Airship.— Appbvdicbs (l%e Pottibilitf of 
Flight, WHQht^ A FUxibU Wing^ IJuory of Balance, BibHographjfX^JxDMX. 

" An epitome of the knowledge available on the subtject."— 5eo(miaM. 
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In Handsome Cloth. With 252 Illustrations. 15s. net. 

THE THEORY OF THE STEAM TURBINE. 

A Treatise on the Prineiples of Constpuction of the Steam Turbine, 
with Histopfeal Notes on its Development. 

By ALEXANDER JUDE. 

CoMTBifTS — Fundamental. — Historical Notes on Turbines.— The Velocity of Steanu*- 
Ty{>es of Steam Turbines. — Practical Turbines. — The Efficiency of Turbines, Type I. — 
Trajectory of the Steam. — Efficiency of Turbines^ "^^P^ '^7 '^^> **^ '^* — ^Turbine Vanes.— 
Disc and Vane Friction in Turbines. — Specific Heat or Superheated Steam.-r-Strengdi 
of Rotating Discs.— Goveminz Steam Turbines. — Steam Consumption of Turbines. — ^The 
Whirling ot Shafts. — Speed of Turbines. — Indbx. 

"Oneof the latest text'books . . . also one of the best . . . there is absolutely 
no padding.** — Sir IVilliam IVkitt in the Times Engineering Supplement. 


In Large Crown 8vo. Handsome Cloth. With 131 Illnstrations. Os. net. 

LECTURES ON THE MARINE STEAM TURBINE. 

By Prof. J. HARVARD BILES, M.In8T.N.A., 

Proteasor of Naval Architecture in the UniTonity of Olasgow. 

"Tills is the best popular work on the marine steam turbine which hss yet appeared."— 
SUanuMp. 

Works by BRYAN DONKIN, H.Iiist.C.B^ H.Inst.Meeh.E., fte. 

Fourth Edition, Revised and Enlarged. With additional Illustrations. 

Large 8vo, Handsome Cloth. 25s. net 

A TBXT-BOOK ON 

GAS, OIL, AND AIR ENGINES. 

By BRYAN DONKIN, M.Inst.C.E., M.Inst.Mbch.E. 

"The best book now published on Gas, Oil, and Air Enj^ines." — Engineer, 


In Quarto, Handsome Cloth. With Numerous Plates. 25s. 

THE HEAT EFFICIENCY OF STEAM BOILERS 

(LAND, MARINE, AND IX>COMOTnnB:). 

By BRYAN DONKIN, M.Inst.C.E. 

sriments on 
-Fire 
-Trans- 
mission of Heat through Boiler Plates, and their Temperature. — Feed Water Heaters, 
Superheaters, Feed Pumps, &c. — Smoke and its Prevention. — Instruments used in Testing 
Boilers. — Marine and Locomotive Boilers. — Fuel Testing Stations. — Discussion of the Trials 
and Conclusions.— On the Choice of a Boiler, and Testing of Land, Marine, and Locomotive 
Boilers. -^Appendices. — Bibliography. — Index. 

-' Probably tbe Moer kzradbtivs rtstuni that baa ever been collected. A pkaohoal 
Book by a thoroughly practical man.'* — Inm and Coal Tradu Repiew. 



In Large Crown 8vo. Cloth. Fully Illustrated. 58. net. 

SUCTION GAS PLANTS. 

By Prof. C. A. SMITH, of the £a8t London Technical College. 

Contents.— Introdnctfon.—DetailB of Constraction.— Fuel and Testing.— Application 
and Uses of Suction Plants.— Working the Plant.— Typical Plants.- Plants for Special 
Porpoaes.— Total H.P.— Effluent.— Cost of Gas Production.— The Gas Engine. -Biblio- 
naphy.— Calorific Value of Coal Gas.— Of Solid Fuels.— Gas Analgia.— Destruction of 
Tar in the Producer.— Detection of CO in Exhaust.— Capital Cost.— Index. 
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FoUBtH Eduiok, Reriud. Pooket-SUe, Luther, 12i. ed. 

BOILERS, MARINE AND LAND: 

THEIR CONSTRUCTION AND STRENGTH. 

A HAmnooK OF Rui^iB, Fosmvl.^ Tabum, ka,, kilativb >o MAnRitLS, 

SaASTLmsa, Ann Pkhbuxh, Satrt Valth, SPBnrcn, 

FiniNsa um llouimtifla, fto. 

FOR THE D8E OF ENOINEEBfi, 8URTEYOS8, BOILE El-MAKEBfi. 

AND STEAU 0SER8. 

Bt T. W. TRAILL, M. Iitbt. 0. E., F.E.B.N. 

IiU« b(l»« enmrnr-tMThW to Uw Boud «r Tnd*. 
"OooUliuui BnokjianB Qrr^imTi OT IvrouiiTiov ferrrKiuBd bi a tbit ooatnlaat focai. , . 
« ■OfrnDnTOLind , . . niiiplTtni Infannmoa tn Iw S«d nowltm •im.'—'ni Wittttimr. 


ENGINE-ROOM PRACTICE: 

A Handbook Tor Bncln«epi and OlDeePS In the Royal Navy and ■epcantlle 
Marin*, IneludlnK tha IfauiasaiiiBiit of tha Hala and Auxiliary 

EngtnM 00 Board Ship. 
By JOHN a. LIVERSIDQE, R.N., A.M.LC.E. 



VALVES AND VALVE - GEARING i 

APraetleal Text-book for the n* of Engineers, Draaghtamm.andStudgnta. 
Br CHARLES HCJRST, Pkactioal Dbauohtshan. 

m KdbIiu Vdvea. [ Pakt III.-AIt G 

I Bngue Tilm ind 



Mnt* on ttsani EnsliM DMign ' and Cot wtr tw tl oii. By Csablu 
HtlKST, "Author of Valvei and Valve GeariDg." Skooiid EditiOK, 
Revited. In Paper Boarda, 8vo., Cloth Back. IlluBtrated. Prioa 
ll. 6d. net. 

OoKTun.— L Suun PlpM.-II. VftlraL-lIl. OyUndsn.— IV. Air Pumps uid Cod- 
d«iHn.-V. UotlDD Work.— Tl. Onok Slufla ud PwlHtBli.— VU Vkln a«r. - VIII, 
Lobrloatlaii.— IX. IdtartUuiaau DauUj — IvDII. 

" A DMd} tojnirfl wbWa <tbit prMUuI toqu nwliiaw ihiikl posMH."— TM MaM 
«V«"*«r 
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Third Bdition, Reyiaed. With nnmerons Plates reduced trom 
Working Drawing! and lUuttrationi in the Text. 218. 

A MANUAL OF 

LOCOMOTIVE ENGINEERING; 

A Praetieal Text-Book for the Use of Enfl[ine Ballden, 

Desigrners and DFattfirhtsmen, Ranway 

Engineers, and Students. 

By WILLIAM FRANK PETTIGREW, M.Inst.O.E. 

(7ofU«f»<«. — Historical Introdnetion. 176S-1868.-. Modern LooomotiTM: Simple.— 
Hodem LooomoftiTee: GompooiuL- rrlmary Consideration in LooomotlTe Design. - 
Cylinders, Steam Obesta, and Stofling Boxes.— Pistons, Piston Rods, Orossheada and 
SUde Bars.— Oonneoting and CoapUnc Bods.— Wheels and Axles, Axle Boxes, Hombiooki.. 
and Bearing Springs.— Balancing.— VaWe Gear.— Slide Values and Valve Oear Detalla— 
Framing, BogMB and Axle Tracks, Badial Axle Boxes.— Boilers.— Smokebox. Blast Pipe 
firebox Fittings.- Boiler Monntlngs.— Tenders. - Ballwsy Brakes.— Lobrioatton—Ooo- 
snmption of FneU STaporation and Engine li-lBoienoy.— Repairs, Banning, Inspection, 
and BenewalsL— Three Appendioes -Index. 

"The work oovTiuis ah. that gah bb ubabht from a book upon sach a sabjeot It 
win at once rank as thb STAsniJtD wobx upoh tbis iifPOXTANTSUBJBOT.*'— Aailivay SioffoMUie. 


In Large 8vo. Fully Illustrated. 8s. 6d. net. 

LOCOMOTIVE COMPOUHDING AHD SUPERHEATING. 

By J. F. GAIRNS. 

Contents.— Introdnctory.—CompoundiDg snd Superheating for LocomotiTes.— A 
Classification of Compound Systems for Locomotives.— The History and Development of 
the Compound Locomotive. — Two-Cylinder Non -Automatic Syrtems.— Two-Cylinder 
Automatic Systems.— Other Two-Cylinder Systems.- Three-Cylinder Systems.— Vour- 
Cylinder Tandem Systems.— Four-Cylinder Two-Crank Systems (other than Tandem).— 
Four-Cylinder Balanced Systems.— Four-Cylinder Divided ana Balanced Systems.— 
Articulated Compound Engines.- Triple-Expansion Locomotives.— Compound Sack 
Locomotives.— Concluding ilemarks Concerning Compound Locomotives.— The Use of 
Superheated Steam for LMX)motives.— Index. 

** A welcome addition to the library or the railway engineer."— ffn^tnecriii^ Times. 


In Large ^vo. Handsome Cloth, WUh Plates and lUuBtra^ona, X6$, 

AT HOME AND ABROAD. 
By WILLIAM HENRY OOLE, M.Inst.O.E., 

Late Depoty-Maoager, North-Western Railway, India. 

'* Will remahn, for some time yet a Staicdabd Woxx in everything relating to Light 
SallwaysL**— iiSn^iMsr. 

** The whole subjeot Is bxhaubtivblt and pBAonoiXLY considered. The work osa be 
eordlally recommended as ihdispbnsablb to those whose duty it is to become acqnainted 
with one of the prime necessities of the immeoiate fntara "—AaAway C^fiMal OantU. 


In Demy 8vo. Handsome Cloth. Profusely Illustrated. 

CARBURETTORS, VAPORISERS, AND VALVES. 

By EDWARD BUTLER, M.I.Mech.E. 
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In Crown 8vo. Handsome Cloth. Fully Illustrated. 68. net. 

PRACTICAL CALCULATIONS FOR ENGINEERS. 

By CHARLES E. LARARD, 

A.lLIn8t.C.E.. H.LHech.E.. Wh.Exh., 
H«d of the Meebanical Bnglneering Department at the Northampton Institute, London, B.G. 

And H. a. GOLDING, A.M.I.Mech.E. 

Contents.— SSCTIOM I.-— Contracted Methods of Calculation.— Technical Mensura- 
tion.— Practical Calculation by Logarithmg.— The Slide Bule and its Applications.— 
Squared Paper and its Uses. SsCTion II.— Pulleys and Wheels in Train.— Speed ftatios 
and Practical Exunples.— Principle of Moments Applied to Practical Problems.- Work 
and Power.— Bnenry and Speed Fluctuations.— Transmission of Work thi'ough Machines. 
—Friction and Efficiency.- Transmission of Power.— Shafting.— Motion on a Circle- 
Momentum, Acceleration, and Force Action. Section III.— Temperature Scales.- Units 
of Heat.— Specific Heat.— Heat and Work.— Heat Value of Fuels.— Heat Losses in Engine 
and Soiler Plant. — Properties of Steam.— Moisture and Dryness Fraction.— Steam and 
Fuel Calculationa— Boiler Efficiency.— Size of Boiler.— Engine Calculations.- Power, 
Indicated and Brake.— Calculations for Dimensions.— Steam Consumption and WiUans 
Law.— Efficiencies, Comparative Costs of Power Production.- Commercial Efficiency. 
Section IY.— The Commercial side of Engineering.- Calculation of Weights.— Division 
of Costs, Material and Labour, Shop Chuves and Establishment Charges. — Estimates. — 
Profit.— Use of Squared Paper in the Estimating Department and to the General 
Management. 

"Exactlr what it should be in order to make it oseftil to studentu and practitioners of 
engineering. —JtfantfAester Owtrdxan. 


Sixth Edition. Folio, suongly half-bound, s 1 s. 

XRAVERSE TABX^ES; 

Computed to Four Places of Decimals for every Minute of Angle 

up to 100 of Distance. 

For the Use of Surveyors and Engineers. 

By RICHARD LLOYD GURDEN, 

Authorised Surveyor for the Governments of New South Wales ano Victoria. 

%* Published witk the Concurretue of thi Surveyors- Gmer^ fyr New South 

Wales and Victoria. 

'* Those who have experience m exact Sukvbv-work will best know how to appreciate 
the enonnous amount of labour represented by this valuable book. Every Surveyor in 
active practice has felt the want of sad' a-utixtance raw knowing or thbik (the Tables) 
PUBLICATION WILL RBMAIN WITHOUT TTaxu." -^Engineer. 


Strongly Bound in Super Royal 8vo. Cloth Boards. 7s. 6d. net. 


For Caleulatlngr Wafires on the Bonus or Premium Systems. 
For Engineering t Teohnioat and At lied Trades. 

By henry a. GOLDING, A.M.LMech.E., 

** Cannot fail to prove practically serviceable to those for whom they have been 
designed.**— iSSootmuin. 


By H. a. GOLDING, A.M.I.Mech.E., A. M.I. A. E. 

For Steam, Gas, and Oil Ensrines. Complete with Explanatory 

Pamphlet. In Box. 5s. net 

For Petrol Motors. Complete with Explanatory Pamphlet. In 
Envelope. 6d. net 

Detailed Prospectus on Applieatian. 
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Second Edition. Lurge 8vO| Handsome Cloth. With 
lUustratioDB, Tables, fto. 21s. net. 

Lubrication & Lubricants: 

A Treatise on the Theory and Praetlee of Lubrication, and on the 
Nature, Properties, and Testing of Lubricants. 

■T AHD 

LBONABD ABCHBUTT, F.I.O., F.C.8.. B. M. DEELET, ILLMeoh.E., F.a& 

Ohamtot to the Mid. R7. Go. Ohief Loco. Super., Mid. B7. Oo. 

COHTBHTS.— 1. IWotion of Bolids.— XL liquid FrloUon or YlBOOilty, and PImOo 
frtotlOQ.— IIL Superfloisl Tension.— IV. The Theory of Labriostlon.— v. Lnbriosnt^ 
their Sonroei, Pr^wratlon, and Properties.— YI. PInnloal PrmMrtlee and Methods of 
Ssamlnatlon of Lubricants.— VII. Ghemloal Properties and Methods of Bramlnatlon 
of Lubricants.- VIIL The Systematic Testing ox Lubricants by FhTBloal and Ghemloal 
Methods.— IZ. The Mechanical Testlna of Lnbricants.— X. The Design and Lubricatipo 
of Bearings.— XI. The Lubrication of Machinery.— Indul 

*' Contains practically all that is khowm on the subject Deserres the careful 
attention of all Xnglneers."— iZaflway OJleial Qautte. 


Fourth Edition. VtryfvUy lUustnUed, OIo«A, 4s. M. 

STEAM - BOILERS: 

THBIB DlinOTS, MAKAaBlCDNT, AND OONSTBUOTION 

By R D. MUNRO, 

Chi^ BngifiMT of Uu SeoMA BoHer Intwrtmoe and Bnffin$ IntptcUcn Company 

" A valuable companion for workmen and engueers engaged about Steam Boilers, ought 
to be carefully tlodira, and always at hand."— C^i/. Gtianiiam. 


By thx SAMS Author. 

KITCHEN BOILER EXPLOSIONS: Why 

they Occur, and How to Prevent their Occurrence. A Piactical Handbook 
based on Actual Experiment. With Diagram and Coloured Plate. 3s. 

/ft Crmon %vo^ Cloth, Fully illustrated, 5x. net, 

EMERY GRINDING MACHINERY. 

A T«xt-Book of Workshop Praetlee in General Tool Orindlnff, and the 
Design, Construction, and Application of the Maohines Employed. 

By R. B. HODGSON, A.M.Inst.Mech.E. 

" Eminently practical . . . cannot fail to attract the notice of the users of this class of 
machinery, and to meet with careful perusal."— CA^mr. Trad* Journal. 


Fifth Edition. In Two Parts, Published Separately. 

A TEXT-BOOK OF 

Engineering Drawing and Design. 

By SIDNEY H. WELLS, Wh.Sc, A.M.I.C.E., A.M.I.Mech.E. 

V'oL. I. — Pbaotical Gbomietrt, Plans, and Solid. 4s. 6d. 
7oL. II. — Machine and Engine Drawing and Design. 4s. 6d. 

W^ mamy lUtutreUions, tpedaUy preparfsd for the Worh^ and numerom 

BxampUi,/w the U^e cfStvdenU %n Teckn»eal SehooU and CoU^fu, 

" A OAPiVAi T1X9-B00K, arranged on an izcaixan STamit oalcalated to glTeaa tatfeaUltant 
map of the labdoot, and not the mere Caealt/ of meehaaloal copying. . . . Mr. Wells ihom 
bow to nsake oomvuri woaKiao-DaAWiaoe, dlaeanlng ftilly each efcep In the dettgn."— ElMlriMl 
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In Thrbb Parts. Crown 8vo, Handsome Cloth. Very Fully Illustrated. 

MOTOR-CAR MECHANISM AND MANAGEMENT. 

By W. POYNTER ADAMS, M.Inst.RE. 
PART I.-THE PETROL CAR. 5s net 

Sbcono Edition. With important new Apf>endix, illustrating and defining parts 

of actual cars in use. 

Contents. — Section I. — ^Thb Mechanism of the Petrol Car.— The Engine. — 
The Engine Accessories. — Electrical Ignition and Accessories.— Multiple Cylinder Engines. 
— ^Thc Petrol — ^The Chassis and Driving Gear.— Section II.— The Managbmrnt of thk 
Petrol Car. — The Engine. — ^The Engine Accessories. — Electrical Ignition. — The Chassis 
and Driving Gear. — General Management. — Appendix. — Glossary. — Index. 

" Should be carefully studied by those who have anything to do vrith motors." — Auto- 
mthil* and Carriagt Builder^ Journal. 

PART II.-ELEGTRICAL AND PETROL ELECTRICAL 

MOTOR CARS. 

Pp. i.-z. + 202. With 50 Illustrations. 58. net. 


In Large 8vo. Handsome Cloth. Very Fully Illustrated. ISs. net 

A MANUAL OF 

PETROL MOTORS AND MOTOR-CARS. 

Compriaing the Designing, Conatniction, and Working of Petrol Motors. 

By F. STRICKLAND. 

OINIRAL GoNTBMTS.— Pabt I.: ENOlMES.—HlBtorical.— Power Required.— Qeueral 
Amtngement of B&gliie8.—Ignitiou.— Carburettors.— Cylinden, Pistona, Valves, Ac- 
Crank Shafts, Crank Chambers, Cams, Runners, Guides, Ac. — Pumps. — Flywheels. — 
Pipe Arrangements. — Silencers.- Engine Control, Balancing.— Motor Cycle Engines.— 
Marine Motors.— l*wo-Cycle Motors.— Parafiln Carburettors.— Gas Producers Part 
n. : Cabs.— Ctoneral Arrangements -Clutches.— Transmission.- Differential Gears.— 
Universal Joints.- Axles. — Springs. — Radius Rods. — Brakes. — Wheels. — Frames. — 
Steering Gear. — Radiator. — Stem, Mudguards, Bonnets, Ac. — Lubrication. — Ball 
Bearings.— Bodies.— Factors of Safety.— Calculations of Stresses.— Special Change Speed 
Gears.— Speoial Gars.— Commercial Vehicles.— Racing Cars.— Ihdex. 

"Thoronfffaly practical and BCientiflc. . . . We have pleasure In recomuiendlnc it to all." 
—XtehaHteal Bnffiruer. 

In Medium 8vo. Handsome Cloth. Fully Illustrated, los. net. 

OIL MOTORS. 

Their Development, Construction, and Management. 
Bt G. LIECKFELD. (Authorised English Edition). 

COKTRNTS. —Liquid Fuels for Power Production.— Development of the Petrol and 
Paraffin Motors.- Working of the Later Paraffin and Petrol Engines.— Ignition Devices. 
—Examples of Stationary Petrol, Alcohol. Paraffin, and Crude Oil Engines.- Automobiles. 
—Ship, Boat, and Air-ship Engines.— V^ehicles, <&c.. Driven by Internal Combustion 
Engines.- Erection and Attendance of Engines Driven with Liquid Fuel.— Correcting 
Irregularities in Knnnlng. 

In Crown 8vo, Handsome Cloth. With 105 lUnstrations. 58. net. 

MECHANICAL ENGINEERING 

By R. S. M*LAREN. 

C0NTBNTS.—Material8.— Bolts and If uts. Studs, Set Screws.— Boilers.— Steam Raising 
Accessories.— Steam Pipes and Valves.— The Steam Engine.— Power Transmission.— 
Condensing Plant.— The Steam Turbine.— Electricity.— Hydraulic Machinery.— Oas and 
Oil Engines.— Strength of Beams, and Useful Information.— Imi>ex. 

" The best of its kind we have seen, and should be in the hands of every apprentice." 
— Steamship. 

LONDON: CHARLES GRIFFIN « CO.. UNITED. EXETER STREET, STRAND. 


34 OHARLBS GRIFFIN Jk 00.'8 PUBLI0ATI0It8. 

WOBX8 BY 
ANDREW JAMIESON, M.lNST.C.E^ M.I.E.E, F.R.aK, 

F&murly Pro/etsor of EUcMcal Em^inttrmg^ Thi Glas, and IV, of Scot, Ttck, CM. 

PROFESSOR JAMIESON'S ADVANCED TEXT-BOOKS. 

In Large Crown $uo. Fhtlly lUusiraitd, 

STEAM AND STEAM-ENGINES, INCLUDING TURBINES 

AND BOILERS. For the Use of Engineers and for Stadents preparing 
for Examinations. With 800 pp., over 400 Illustrations, 11 Plates, many 
B. of £., C. and G., Questions and Answers, and all Inst. C.E. Exams. 
j on Theory of Heat Engines, Sixteenth Edition, Revised. los. 6d. 

" Tbe BasT Book yet puUiihed for the oae of Students."— jENSfiMW. 

APPUED MECHANICS ft MECHANICAL ENGINEERING. 

Including All the Inst, C.E, Exams, in (i) Applied Mechanics; 
(2) Strength and Elasticity of Materials; (3a) Theory of Structures; 
(ii) Theory of Machines; Hvdraulics. Also B. of £ ; C. and G. Questions. 
VoL I. — Comprising 568 pages, 300 Illustrations, and Questions: 
Part I., The Principle of Work and its Applications; Part II.: Friction, 
Lubrication of Bearings, &c. ; Different kmds of Gearing and their Appli- 
cations to Workshop Tools, &c. Sixth Edition. 8s. 6d. 

" Fully maintains the reputation of the Author.'*— /'nK-/. Bngineer. 

VoL II. — Comprising Parts III. to VI., with over 800 pages, 371 Illus- 
trations ; Motion and Energy, Theory of Structures or Graphic Statics ; 
Strength and Elasticity of Materials ; Hydraulics and Hydraulic 
Machinery. Fifth Edition. 12s. 6d. 

"WklL and LUaOLY WRITTEN.**— 7%/ EMginOOT. 

*•* Each ofths abovo vobtmts it compitt* in itself, and sold uparaUly, 


PROFESSOR JAMIESON'S INTRODUCTORY MANUALS 

Crown %vo. With Illustrations and Examination Papers, 

STEAM AND THE STEAM-ENGINE (Elementary 

Manual oO* For First- Year Students, forming an Introduction to the 
Author's larger Work. Twelfth Edition, Revised and Enlarged. 3/6 
" Should be in ue hnods of kvbry engineering ijppnianJkot.*^— Practical Engineor. 

MAGNETISM AND ELECTRICITY (Practieal Elementary 

Manual of). For First- Year Students. With Stud. Inst. C. £. and B. of E. 
Exam. Questions. Seventh Edition, Revised and Enlarged. 3/6. 
'* A TMoaouoMLV TansTWOKTHY Text-book. Practical and deer.'*— iVa/i»rv. 

APPLIED MECHANICS (Elementary Manual oO. 

For First- Year Students. With B. of E., C.and G. ; and Stud. Inst. C.E. 
Questions. Eighth Edition, Revised and Greatly Enlarged. 3/6. 
*' The work hu yrxv high QDALiTnu, which may be condenaed into the one word 
' CLBAR.' "Sciomco and An, 


A POCKET-BOOK of ELECTRICAL RULES and TABLES 

For the Use of Electricians and Engineers. By John Munro, C.E., 
and Prof. Jamieson. Pocket Size. Leather, 8s. 6d. Nineteenth 
Edition. [See p. 47. 

10NU9N : CHARLES ORIFFIN ft CO.. LIMITED. EXETER STREET. STRAND. 


MNQUrMMHltia AND MJeCJUAmOS. 35 

WORKS 6T W. I liCQUOSH SAMKIHE, LLD., F.fi.S. 

Thopouffhly Revised by W. J. HII^LAR, 0«B, 


A MANUAL OF APPLIED MECHANICS : Compriaing the 

lirinciples of StatioB and CinematioB, uid Theory of Strooturea, 
MechMiiBmf and Maohinei. With Nnmeroni Diagrams. Crown 8to, 
Cloth. Skvsmtsbnth Bdition. 12b. 6d. 


A MANUAL OF CIVIL ENGINEERING : Comprising EDgin- 

eering Sonreys, Earthwork, Ponndationa, Maaonry, Ourpentry, Metal 
Work, Roads, Railways, Canals, Rivers* Waterworks, Harbours, ^ 
With Numerons Tables and Bliutrations. Crown 8vo, Cloth. 
Twknty-Thibd Edition. 16s. 


A MANUAL OF MACHINERY AND MILLWORK: Com 

8 rising the Geometry, Motions, Work, Strength, Constmotion, and 
bjeots of Machines, ko. With nearly 300 Illostrations. down 
8vo, Cloth. Skvknth Editioh. 12s. 6d. 


A MANUAL OF THE STEAM-ENGINE AND OTHER 

PRIME MOVERS. With a Section on Gas, Oil, and AiB 
Enginbs, by Bbtan Donkik, M.Inst. C.E. With Folding Plates 
and Numerons Illnstrations. Crown Sto, Cloth. Sevrntbknth 
Bditiok. 12s. 6d. 

USEFUL RULES AND TABLES : For Architects, Builders, 

Engineers, Pounders, Meohanios, Shipbuilders, Purveyors, &o. With 
Appendix for the use of Elbotbioal Enoinsbbs. By Professor 
Jamiison, M.Inst.C.E., M.I.E.E. Sbybnth Edition. 10b. 6d. 


A MECHANICAL TEXT -BOOK: A Practical and Simple 
Introduction to the Study of Mechanics. By IVofessor Rankinb 
and E. F. Bambeb, C.E. With Numerous Illustrations. Crown 
8to, Cloth. Fifth Edition. 9s. 

*** The *' tUmoHAmoAL Tkzt-Book ** imm di$i(fiud fry Professor BAnniiB « «• Umo 
DucnoN to iht nbati Striet of MamuaU. 


MISCELLANEOUS SCIENTIFIC PAPERS. Part I. Tempera^ 

ture. Elasticity, and Expansion of Vapours, Liquids, and Solids. 
Part II. Ihierg^ and its Transformations. Part III. Wave-Forms, 
Propulsion of vessels, ko. With Memoir by Professor Tait, M.A. 
>Vith fine Portrait on Steel, Plates, and Diagrams. Royal 8vo. 
Cloth. 31b. 6d. 


" No more enduring Memorial of Profeiio r Ranldne oould be devised than the publica- 
tfoB of the«e papers in an aooenible form. . . . The Collection is most valnaUe on 
acooont of the nature of his discoveries, and the beauty and completeness of his analysis.'' 
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Third Edition, Thoroughly Revised and Enlarged, With 60 Plates and 
Numerous Illustrations, Handsome Cloth, 34s, 

HYDRAULIC POWER 

AND 

HYDRAULIC MACHINERY. 

HENRY ROBINSON, M. iNST. C.E, F.G.S^ 

FSLLOW OP KIM/S OOLUCGB, LONDON; FKOP. BMBRITUS OP CIPIL BNGINBBSING, 

kino's COLLSGB, BTC., NTC 

CoNTBNTS — Dtschaive through Orifices. — Flow of Water through Pip^s* — ^Accumulators. 
—Presses and Lifts. — Hoists. — Rams. — Hydraulic Engines. — Pumping Engines. — Capstans. 
— Traversers. —Jacks. — Weighing Machines. — Riveters and Shop Tools. — Pundung, 
Shearing, and Flanging Machines. — Cranes. — Coal Discharging Machines.— Drills and 
Cutters. — Pile Drivers, Excavators, &c. — Hydraulic Machinery applied to Bridges^ Dock 
Gates, Wheels and Turbines. — Shields. — Various Systems ana Power Installations — 
Meters, &c.— Ikdbx. 

" The standard work on the application oi water power.'* — Cassiers Maganine, 


'Second Edition^ OreeUly Enlarged, With FronUopiecet eeverai 
PkOeo, and over 260 lUwtraiiane. 21«. net. 

THE PBIMCIPLES iHD COMSTRUCTIOH OF 

PUMPING MACHINERY 

(STEAM AND WATER PRESSURE). 

With Praotioal lUustrationt of Enoikbs and Pumps applied to Mining, 

Town Water Supply, Drainaos of Lands, &o., also Boonomy 

and Effioienoy Trials of Pumping Machinery. 

By henry DAVEY, 

Member of the Inatitntion of CiTil Bngineers, Member of the Iiutitatlon of 

Meohanlcal Eoglneera, F.Q.S., Ac. 

Contents ^Early History of Pompiiiff Bn^es— Steam Pomping Engines - 
Pumps and Pump Valves— General Frinoiples of Non-Rotatiye Pumping 
Engines— The Cornish Engine, Simple and Compound— Types of Mining 
Engines— Pit Work— Shaft Sinking— Hydraulic Transmission of Power in 
Mines— Electric Transmission of Fower^Valye Gears of Pumping Engines 
— Water Pressure Pumping Engines — Water Works Engines — Pumping 
Engine Economy and Trials of Pumping Machinery— Cenmfugal and other 
Low-Lift Pumps— Hydraulic Rams, Pumping Mains, ^— Indxz. 

** By the *one BngUih Engineer who probablf knows mora about Pomping Maohinery 

than AKT OTHXB.* ... A VOLUKK RSOOaDIItO TBS aB8T7LT8 OV I.OVO BXPSBDniCB ASD 

WODY."— 1%« Engineer. __ ___^ 

In Large Crown 8vo, Handwme Cloth. Fully lUuHrated. 

SEA WATER DISTILLATION. 

By frank NORMANDY, of the Middle Temple, Barrister-at-Law. 

Ck>NTENTS.— DistiUiiiff Machinery.— Sea Water.— Steam.— Multiple Distillation.— The 
Evaporator.— The Distilling Condenser.— Pumping Machinery.— Useful Memoranda:— 
The Filter, Prevention of Corrosion and Decay of Metals, Removal of Scale, Cleaning. 
Overhauling, Ac— Index. 
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In Large 8vo. Handsome Cloth. Profusely Illustrated. In Two 
Volumes, Each Complete in itself, and Sold Separately. 

AND 

CONSTRUCTION OF SHIPS. 

By JOHN HARVARD BILES, M.Inst.N.A., 

Proressor of Na^al Arohitectare in Glugow XJnlTerBity. 

Volume I.-CALCULATIONS AND STRENGTH. With 36 Folding 
Plates, and 245 other Illustrations. Complete in itself, with 
Index. 25s. net. 

CONTKNTS.— Part L^Areas, Volumes, and Centres of Gravity. Part II.— Ship 
Calculations. Part III.— Strength of Ships. 

" No teacher of naval architecture nor scientifically -etialpped student can afford to 
be without this volume . . . will doubtless remain the stiuidard for many years "— 
Timea, 

Volume II., dealing with Stability, Waves, Oscillations, Resistance and 
Propulsion, Design and Construction, is in active preparation, and 
will be ready very shortly. 


BY PROFBSSOR BILBS. 

LECTURES ON THE MARINE STEAM TURDIHL 

With 181 niuatrations. Price 6b. net 
See page 28. 


Ronai fhfo, tiaml»om9 Oiotk, With num^roua illugtmttons mitt Tabtea, 26b. 

THE STABILITY OP SHIPS. 

BY 

SIR EDWARD J. REED, 1LC.B., F.RS., M.P., 


KNMUrr OP TMB nCPBKIAL OKDBRS OP ST. STANXLAU8 OP RUSSIA; PRAMOS J08BPH OP 

AUSTRIA; MXDjroiR OP TURKRV; AND RISUlO SUN OP JAPAN; VK9- 

PRBSroRNT OP THR INSTITUTION OP NATAL ARCHrrRCTt. 

*' Sir Edward Rrrd's ' STARiLmr op Ships * is invaluarlr. The Naval Architrct 
win find btPOKht together and read v to his hand, a mass of inlonBatian which ha woold odMi^ 
wise have to sedc in an almost eiuUess variety of publications, and some of which he woiUd 
possibly not be able to obtain at aU ebevrfMre.**— AtaMwAdS^. 


In Crown 8vo. Handsome Cloth. Fully lUnstrated. 

HYDROGRAPHIC SURVEYING. 

For the Use of Beginners, Amateurs, and Port and 

Harbour Masters. 

By commander S. MESSUM, R.N., 

Instructor in Nautical Surveying, R.N. College, Greenwich. 

Contents.— Sextant.— Protractor. -Station Pointer.— Theodolite.— Projectiona- 
Symbols and Abbreviationa— Plotting and Triangulation of a Small Plan.— Mast-head 
Angle Survey.- Meridian Distances.— Appbndix.—Indbx. 
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3« CdAHLSS GRIFFIN Jk OO.'S PUBLICATIONS. 

WOBKS BY THOMAS WALTON, 

NAVAIi ARGHITBOT. 


Fourth Edition. lUastnted with Plates, Numerous Diagrams, and 

Figures in the Text. iSs. net. 

STEEL SHIPS: 

THSIB OONSTBUOTION AND MAINTENANCE. 

A Manual for Shipbuilders, Ship SuperintendenU, Students, 

and Marine Engineers. 

By THOMAS WALTON, Naval Architect, 


AUTHOR OP "know YOUR OWN SHIP.' 


Contents. — I. Manu f acture of Cast Iron. Wrought Iron, and SteeL — Com- 
position of Iron and Steel, (Quality, Strengtn, Tests, &c. II. Classification of 
Steel Ships. III. Considerations in maldxiK choice of Tvpe of Vessel — Framing 
of Ships. rV. Strains experienced by Shi{>8. —Methods of Computing and 
Comparing Strengths of Ships. V. Construction of Ships. — AltematiFe Modes 
of Construction. — Types of Vessels. — Turret, Self Trimming, and Trunk 
Steamers, kc. — ^Rivets and Bivetting, Workmanship. VI. Pumping Arrange- 
ments. VII. Maintenance. — Prevention of Deterioration in the Hulls of 

Ships. — Cement, Paint, &c.~ Index. 

" 9o thoroDgti and well written la every chapter in the book that it is didieoit to select 
7 of them as being worthy of ezoeptiooal pra so. Alto^rether, the work ia excellent, and 
1 prove of great valne to those for whom it is Intended."— 7%« Bnginmr. 


In Handsome Cloth. Very fully Illustrated. 7s. 6d. net. 

PRESENT-DAY SHIPBUILDING. 

For Shipyard Students, Ships* Officers, and Engineers, 
By THOS. WALTON. 

General Contents. — Classification. —Materials used in Shipbuilding.— 
Alternative Modes of Construction. — Details of Construction. — Framing, 
Plating, Rivetting, Stem Frames, Twin-Screw Arrangements, Water 
Ballast Arrangements, Loading and Discharging Gear, &c. — Types of 
Vessels, including Atlantic Liners, Cargo Steamers, Oil carrying Steamers, 
Turret and other Self Trimming Steamers, &c. — Index. 

"Simple language . . . clear and easily followed Illustrations." — 7imM 
Engineering Supplement. 
'* We heartily recommend it to all who have to do with ships."— .S^taanuACp. 


Ninth Edition. lUtutraUd. Handsome Cloth, Crown 8vo, 7s. 6d. 

The Chapters on Tonnage and Freeboard have been bpouffht thoroughly 
up to date, and embody the latest (1906) Board of Trade Regulations on 
these suhjeets. 

KNOW YOUR OWN SHIP. 

By THOMAS WALTON, Naval Architect. 

Specially arranged to suit the requirements of Ships' Officers, Shipowners, 

Superintendents, Draughtsmen, Engineers, and Others, 

Contents. — Displacement and Deadweight. — Moments. — BuoTancy. — Strain. — 
Structure.— Stability.— Rolling. — Ballastlnfi^. — Loading.— ShUthig Cargoes.— Effect of 
Admission of Water into Ship.— Trim Tonnaee.— Freeboard (Load-line).— Calculations.— 
Set of Calculations from Actual Drawings.— INJ>EX. 

" The work Is of the hlfrhest value, and all who go down to the sea in ships should make them- 
selves acqtiaiuted with ii.^' —Shipping World (on the new edition). 
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GRIPPIN^S NAUTICAL SERIES. 

Editkd by EDW. BLACKMORE, 
Master Mariner, First Class Trinity House CerUflcate, Assoa Inst. N.A. ; 
And Wbittih, xaihlt, hj Sailobs for Sailobb. 


"IHIB ABMIBABLI 8SRIB8."— Faifpiay. "A TIRI USBTUL mUM."— JfOdiflt. 

"SfiKT Ship ihonld have the wholi Snuas as a BmsKroa Lzbrabt. Hahd- 
somiiT BOUND, auBABLT PKiNTBD and aLumsJOKD/'—Hverpool Jowm, qf Oommmve, 


The Britlsli Mereantile Harine: An HUtorioai Sketoh of ita RiM 

and Derelopment. By the Editor, Gift. Blaokmorx. 8s. Od. 

"Captain Blackmores SPLENDID BOOK . . . contains paragraphs on every point 
of Interest to the Merchant Marine. The 248 pages of this book are THl MOST yalu- 
4BU to the sea captain that have hybb been oompilid."— IfsfoAani Servies lUvitw. 

Elementary Seamanship. By D. WiiiBON-BAKKK&, Master Mariner, 
F.B.S.B., F.S.G.S. With nnmerons Plates, two In Colours, and Frontispiece. 
Sixth Bdition, Thoroughly BeTiied. With additional niustratlons, Ac. 0i. 
"This ADMIBABLB MANUAL, by Capt. WILSON BABKXK, of the •Worcester,' leems 

to us PBBVIOTLT DHSIONBD."— ^MayMSUm. 


Know TOOP Own Ship : A Simple Explanation of the Stability, Gon- 
stnietlon, Tonnage, and Freeboard of Ships. By Thos. WALTON, Naval Arohlteot. 
KINTH BDinoN. 7s. 6d. 
"Mb. Walton's book will be found ybry ubbful."— rA« Bngineer. 


Maviffation : Theoretical and Practical. By D. Wilsom-Babkhb 

and William ALLureHAM. Sboond Bdition, Bevised. 8b. 6d. 
"PBioiBUiY the kind of work required for the New Certificates of competency. 
Oandidates will find It inyaluablb."— DtMulM Advertiter. 


■arine HeteorolOgy: For Officers of the Merchant NaYy. By 
William ALUNOHAMrFirst Class Honoura, Navigation, Science and Art Department 
With Illustrations and Maps, and faetimiU reproduction of log page. 7s. 6d. 
" Quite the best publioation on this nubjwit"— Shipping QatetU. 

Latitude and Longitude : How to find them. By W. J. Millab^ 

C.B. Sboond Edition, Bevised. St. 

" Cannot but prove an acquisition to those studyUig Navigation."— Ifartns JSngine«r 

Praetical Heehanies : Applied to the requirements of the Sailor. 
QyTHOS. MAOKHNSn, Master Mariner, F.B.A.S. Thibd EDITION, Bevised. 8s. 6d. 
'* WBLL WOBTH the money . . . exgiidinolt hklptul."— ^ippina WorUL 

Trigonometry : For the Young Sailor, fto. By Rich. C. Buck, of the 
Thames Nautical Training College, H.M.S. " Worcester." Third Edition, Bevised . 
Price 8b. 6d. 
"Thla nminbntlt pbaotioal and rellabie volume."— iSeAooIimweflr. 


Praetieal Algebra. By Rioh. C. Buck. Companion Volnme to the 
above, for SuTors and others. Sbcond Edition, Bevised. Price 8b. Od. 
'* It is JUST thb book for the young Bailor mindful of progreaa. "—^Autioal Magatine. 


The Legal Duties of Shipmasters. By Brnj 

M.A., LL.D., of the Inner Temple and Northern Circuit: 


Bbnediot Wm. Giksbubo, 
Barrister-at-Law. Sboond 
BDlTioN, Thoroughly Bevised and Enlarged. Price 4s. 6d. 
'* INYALUABLB to masters. . . . We can fully recommend it '—A^ppinaGasetto. 


A Hedieal and Surgieal Help for Shipmasters. Inolnding First 

Aid at Sea. By Wm. Johnson Smith, F.B.C.S., Principal Medical Oflloer, Seamen'» 
Hospital, Greenwich. Thibd Edition, Thoroughly Bevised. 6s. 
"Sound, judicious, bhallt hklppul."— TA« Zcmost. 
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40 CHARLES QRIFFIN A CO.'S PUBLICATIONS, • 

GRIFFIN'S NAUTICAL SERIES , 

Introductory Volume, Price Ss. 6d, 

British Mercantile Marine. 

Bt EDWARD BLAOKMORE, 

MASTBR MARIMSRl ASSOCXATB OP THB INSTTrVTION OP NAVAX. AB.CHmCTS{ 

MBMBBR OP THB mSnTUTION OP BMGINBBRS AMD SBIPBVXLOBILS 

XM SCOTLAND; BDITOR OP GRIPPnTS "NAUTICAL SBRXHS." 

GUURAL CoNTiBin.— HiSTOBiOAL : Fxom Early Times to 1486— PrumM 
<iiider Heniy VIII.— To Death of Mwy— Dmixiff Elizabeth's Reign— Tn> to 
tthe Reign of William III.— The 18th and I9th Centmies— Institation 6t 
Examinations — Rise and Progress of Steam PropxUsion — Development of 
Free Trade-Shipj^ing LegisUtion, 1862 to 1875— " Lodcsley HaU*^ Case- 
Shipmastera' Societies- Loading of Ships — Shipping Legislation, 1884 to 180 4 
Statistics of Shipping. Thb Pbbsonkel : Shipowners— Offioers-Mairinerfr— 
Duties and Present rosifeion. Eduoatiok : A Seaman's Education: what it 
idioald be— Present Means of Education— Hints. DisoiPUirB and Ditty— 
Postscript— The Serious Decrease in the Number of British Seamen, a Matter 
demanding the Attention of the Nation. 

'* iNnusxnre and Ihsxbuoiitb . . . may be read wim fbovit aad BiJOiMan.**^ 
^fkuffow BtrdUL 

" IC^xar BRAVCH of the sabjeet Is dealt with in a way which shows that the wrttsr 
* knows the ropes* fSmlUarly.**— Aolmiaii. 

"This ADioBABLB booR . . . Tsms with osefnl Information— Shoold be in the 
tiADdfi of every Sailor.**— VSufcm Mominy Jfttu. 


Sixth Edition, Tlwroughly Revi$ed, With Additional 
IlluatraUons and a new Chapter on Clouds, 


ELEMENTARY SEAMANSHIP. 


O. WILSON-BARKER, Mastbb Marikbr; F.R.S.E., F.R.6.S.,fto.»&o. 

TOUiraSR BBOTHSB OF THS TEUflTT HOUBI. 

With Frontispiece, Numerous Plates (Two in Colours), and Illustrations 

in the Text. 

(tkniral Oobtsnts.— The Building of a Ship; Parts of Hull, Mastn, 
^^— RopeSf ^ot& Si^cingi A;c. — Gear, Lead and Log, &c. — Rigging, 
Anchors— Sailmaking— The Sails, &c. —Handling of Boats under Sai) — 
dignals and Signalting^— Rule of the Road— Keeping and Relieving Watrh— 
Points of Etiquette— Glossary of Sea Terms and Phrases— Index. 

*«* The volome contains the msw rulxs or ms boad. 

** This AniiiRA*i.R MARUALi, by Oapt. 'Wilsov-Babxxb of the ' Woroetter/ seemB to u 
raBirKcii.T dsbiovkd. and holds its place exceBentlj in * Qbiivdi's Nautical Snona.* . . . 
Although Intended for those who are to become OfBoera of the Merchant Navy, it wHI b# 
found nsefnl by all tkCBXBiaaf.^'-JLihmmum. 

\* For complete List of QRoms's NAoncaL SBRixa, see p. 89. 
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GRIFFIN'S NAUTICAL SERIES^ 

Sboond Edition, Revised and Ittustrated. Priee Se. 6d. 

NAVIQATIOISr: 


By DAVID WILSON-BARKER, R.N.R, F.R.S.E., Ac., Ac.. 

AND 

WILLIAM ALLINGHAM, 

mai-CLABB H0K0UB8, NAYIOATIOV, BOIBIOB AHD AST DBPAKXMUX. 

tniitb Vlumetoud ^Uudttatlond ant> Biaminatfon (ftuedtlond. 

GcnrsBAL OoiiTBins.—Defiiiitioiia— Latitude and Longitode— Instrnmenti 

•of NftTigatioii — Correction of Couroee — Plane Sailing — Trayene Sailing^Day** 

Work — ParaUel Sailing — Middle Latitude Sumig — Meroatoea Chart 

Meroator Sailing— Cnirent Sailings-Position by Beaxiius—Great dzcle Sailing 

- The Tides— QaestionB — Appendix: Compass Erot — Numerons Usefol Hinti 

Ato. — Index. 

** Fbboiselt the kind of work required for the New Oertlflcates of oompeten^ in fradee 
from Seoood Mate to extra Muter. . . . Candidates will find It nry^T jama "— J&iw^it 


It 


' A OASTSAL UTTLB BOOK . . . Specially adapted to the New Bzaminadona The 

Anthers are Oapt. Wiuoh-Baucsk (Captain-Soperintend^t of the Nautical OoHege, H.M 8. 

* Woroetter/ who has had great experience in the highest problems of Navigation), •'•d 

Mb. AmaoHAK, a well-known writer on the Science of Navigation and Nastical Antronomy " 

^ahipfimg World. 


Handsome Ololh. FuUy Illtuirated. Priee 7$. 6d. 

MARINE METEOROLOGY, 

FOB OFFICERS OF THE MERCHANT NAVY. 
By WILLIAM ALLINGHAM, 

Joint Author of "Navigation, Theoretical and Practical." 

With numerous Plares, Maps, Diagrams, and niustrations, and a faosimlle 
Reproduction of a Page from an actual Meteorological Log-Book. 

SXTMMABY OF CONTISNTS. 

IHTEODUOIORT.— Instruments Used at Sea for Meteorological Purposes.— Meteoro> 
Jogical Loff-Books.— Atmospheric Pressure.— Air Traiperatures.— Sea Temperaturet.- 
wlods.- wind force Scales.- History of the Law of Storms.- Hurricanes, Seasona, and 
Btorm Tracks.— Solution of the Cyclone Problem.— Ccean CurrentB.—Iceberas.— Syn- 
chronous Charts.— Dew, Mists. Fogs, and Haze.— Clouds.- Bain, Snow, and Hail.- 
Mirage, Balobows, Coronas, Halos, and Meteors.— Lightning, Corposants, and Auroras.— 
Qi7asTiOH&—AppENDnL— Index. 

" Quite the sssT pabllcatlon, asd certainly the most isnassTise, on this sut^i ever 
Dvesented to Nautical Tatu."— Shipping OamtU, 


• • 


For Complete List of GBmriN's Nautioal Ssbus, see p. 99. 
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QBIFFiyS NAUTICAL SERIES, 

Thibd Edition, Rsyisbd. With KamerooB IlliutnbtioDB. Price 8s. 6d. 

PRACTICAL MECHANICS: 

Applied to the Bequirements of the Sailor. 

By THOS. MACKENZIE, Master Mcbriner, F.E.A.S. 

Q-waxMBAL CoMTiMTB. — Resolutioii and GompoBitioii of Forces— Work done 
by Machines and Living Agents— The Mechanical Powers: The LeTor; 
DeirickB as Bent Leyers— The Wheel and Azle : Windlass ; Ship's Capstan ; 
Grab Winch— Tackles : the *'01d Man ''—The Inclined Plane; the Screw— 
The Centre of Gravity of a Ship and Cargo — Belative Strength of Bope : 
Steel Wir^ ManiUa^ BCemp, Coir — ^Derridcs and Shears— Calciuation of the 
Oron-breaking Strain of Fir Spar — Centre of Effort of Sails — Hydrostatics: 
the Diving-bell ; Stability of Floating Bodies ; the Ship's Pomp, &c. 

" Wbll wobth the money . . . will be fonnd bxoxbdinolt HSLFrUL."— 
cthippbig World, 

''^No Ships' OrviOBBS' bookoabb will henceforth be complete without 
Captaix Maokbnzib's * PBAonoAL Mbohabios. ' Notwithstanaing my many 
Tean* experience at sea, it has told me how much more there ii to acquire."— 
(Letter to the Publishers from a Master Mariner). 


WORKS BT RICHARD C. BUCK, 

Of the Thames Nautioal Training College, ILH.S. ' Woroeitor/ 

A MANUAL OF TRIGONOMETRY : 

With Diagrams, Examples, and Exercises, Price 8s. 6d. 

Third Edition, Revised and Corrected. 

*«* Mr. Buck's Text-Book has been spboiallt pbbpased with a view 

(o the Examinations of the Board of Trade, in which Trigonometry 

is an obligatory subject. 

»*TUb mnmiTLT nucnoAL and anuiJiLB voLinac"— ddkooliiuMfer. 

A MANUAL OF ALGEBRA. 

Designed to meet the Requirements of Sailors and others, 
Sbcond Edition, Revised. Price 3s. 6d. 

*«* These elameatory works on alqsbsa and TBiooifoi»TBT are written spedally for 
those who will have little opportanity of oonsnlting a Teacher. They are books for ^* w-r 
■SLP." All bat the simplest explanations have, merefore, been avoided, and akswbbs m 
the Sxerolses are given. Any person may readily, by oarefnl stndv, become master of their 
oontents, and thns lay the foundation for a further mathematical oonrse, if desired. It i» 
hoped that to the younger Officers of our Mercantile Marine they will be found deoldedly 
•arvioeable. The BxamplsB and EzerolBes are taken from the l^amination Papers set for 
the Cadets of the "Worcester.*' 

"Clearly arranged, and well got op ... A first-rate Elementary Algebra."— 
Nautical UagoMiM. 

Sboond Edition, Revised. With Diagrams. Price 2s. 

LATITUDE AND LONGITUDE : How to Find them. 

By W. J. MILLAR, C.E., 

Late Ster&tary to the In*L of Bn^fineer* mid ShipbuiUUn in Beotland, 

'* CoMOiBBLT and olbably wbittbn . . . cannot but prove an acqoisitioD- 

to those storing Navigation."— if arme Xnffineer, 

" Toong Seamen will find it handt and nsEFUL, simplb and glbab."— S'Ae 

fvnffwieer, 
*»*For complete List of QmiFFni'w Naptioal Bbbiss. see p. 8». 
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QBIFFIN'S WAUTICAL SERIES. 

Skcond Edition, Revised and Extendei^ In Grown 8to. Price 4e. 6d. 

THE LEGAL DUTIES OF SHIPMASTERS. 

By benedict WM. GINSBURG, M.A., LL.D. (OahtarV 

Of the Inner Temple «nd Northem Clroait; Barriit«r-at-L*w. 

General Contents.— The Qnallflcation for the Position of Bhtpmaster— The Ood- 
trsot with the Shipowner— The Master's Daty In respect of the Grew : BngMnmeat ; 
Apprentloee; DIsolpUne ; ProTlslons, Acoommodstlon, and Medical Comforta ; Pajment 
of wages and Blschara;e— The Master's Dater In respect of the Passengers— The Master's 
Financial Sesponilblllties— The Master's Duty In respect of the Cargo— The Master'* 
Daty In Case of Casualty— The Master's Duty to certain Public Anthoiltles— The 
Master's Duty in relation to Pilots, Signals, Haas, and Llffht Dues— The Master's Duty 
upon ArrlTsl at the Port of Diichaige— Appendices relattVe to certain Legal Matters : 
Board of Trade Certificates, Dietary Scales, Stowsge of Grain Cargoes, Load Line Segula* 
blons. Life-saving Appliances, Carriage of Cattle at Sea, Ac., ^.—Copious Index. 

" No Intelligent Master thould fUl to add this to bia list of necessary books. A few ( ii« 
of it may savb a lawtkb's ns, sisinis mirDLBsa woamr. '*—^«erpoo< Jowntal of Omnmer^ e. 


FiRST AID AT SEA. 


Thi&d Edition, Revised. With Coloured Plates and Nomerons Dlnatra- 

tiona, and comprising the latest Kegalations Respecting the Carriage 

of Medical Stores on Board Ship. Price Gs. 

A MEDICAL AMD SURGICAL HELP 

FOR SHIPMASTERS AND OFFICERS 
iN THE MEROHANT NAVY. 

By WM. JOHNSON SMITH, P.RO.S., 

Principal Medical Officer, Seamen's Hospital, Oreenwloh. 

*,* The attention of all Intereated in oar Merchant Navy la reqneeted to this ezoeedlnfrly 
as^ol and Tslnable work. It Is needless to say that It Is the ontoome of many yM.is 
PSAonoAL BXTBUXBCB amongst Seamen. 

** SODSS, JI7DICIOUS, BBAXXT HXL^L.**— T%< Loncd. 


Ninth Edition. Revisedj with Chapters on Trim, Buoyancy, and Caicuk^ 
tians. Numerous Illustrations, Handsome Cloth, Crown 8vo, Price 7«. 6d, 

KNOW YOUR OWN SHIP. 

By THOMAS WALTON, Naval Arohitbct. 

Speoially arranged to suit the requirements of Ships' Officers, Shipowners, 

Superintendents, Draughtsmen, Engineers, and Others, 

This work explains, in a simple manner, saeh Important sabjects as:— Displacement.— 
Deadweight —Tonnage.— Freeboard. — Moments. — Bnoyaooy.— Strain.— Btmctnre.— Stab- 
ility.— Boiling.^Ballastlng.— Loading.— Shifting Cargoes. — Admission of Water.— Sail 
Area. — Ac 

"The little book will be found bxcsbdikolt handt by most ofHcers and officials connected 
with shipping. ... Mr. Walton's work will obtain lastiko succbss, because of its unique 
Htneas for those for whom it has been •WTltteaix."—8KippUig World. 


BY THB SAMB AUTHOR 

STEEL SHIPS: Their Construction and Maintenance. 

(See page 38.) 
*^* For Complete List of GaiyFiy^a Nautioal Sbriks, see p. 39. 
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44 CHARLES ORIFFIN dk OO.'S PUBLICATIONS. 

BixTBBNTH Editiok, TfiorougfUy Revised, Large Svo, Cloth. 

pp, i-zxiv+712. With 2i50 IlluatriMHonB, reduced from 

Working DratorngSf and 8 Plates, 2ls, net, 

A MANUAL OF 

MARINE ENGINEERING: 

OOMPRISmO THE DESIONINO, OONSTRUCTION, AND 
WORKINO OF MABINB MACHINBRY. 

By A.E. SEATON, HJ.C.Em H.LHe6lLEM 1LI.N.A. 

GSKBRAL CoNTurcB. — Pabt L— Prinoiples of Marine Propulsion. 
Part II. — Prinoiolea of Steun En^eenng. Part in.—- Details of 
Marine Engines : lyesign and Calonlations for Cylinders, Pistons, Valves, 
Expansion Valves, &c. Part IV.— Propellers. Part V. — Boilers* 
Part VL — ^Miscellaneons. 

"The Student, Dranghtnnan, and Eiudneer will find thii work the nosr valdabli 
Hahdboob ci Refereooe oo the Marine engine now in ezistenoe."— JfoHiM Eaffinmr,. 


Ninth Edition, Thoroughly Revised. Pooket-Sin, Leather. 8s. 6d. 

▲ POOKET-BOOK OF 

MARINE ENGINEERING RULES AND TABLES, 

voR Tsa VBM or 

Marine Bnglneen, Naval Arehiteets, Designen, Dranfirbtsmeftr 

Saperintendents and Otnera. 

Bt A. K BEATON, M.I.O.E., M.LMech.K, M.I.N.A., 

AND 

H. M. ROUNTHWAITB, M.LMech.E., M.I.N.A 

" The best book of its kind, and the Information is both up-to-date and reliable.' — 
Xnginser, 

In Large 8vo. Handsome Cloth. With Frontispiece, 6 Plates, 
65 other Illustrations, and 60 Tables. 12s. 6d. net. 

And other Competing Instruments for Marine Propulsion. 
By a. E. BEATON, M.Inst.C.E., M.LMech.E., M.LN.A. 


In Pocket Size. With 368 Pages. 3s. 6d. net. 
ENGLISH-SPANISH and SPANISH-ENGLISH. 


By Flbet-Paymaster GRAHAM-HEWLETT. 

' Most complete . . . xxwtal . . . we can hesrtlly recommend it."— <8^m«A<p. 


In Crown 8vo. Handsome Cloth. Many Diagrams. 2s. 6d. net. 
DEFINITIONS IN NAVIGATION AND NAUTICAL ASTRONOMY. 

By p. GROVES-SHOWELL, 

Head of the Navigation Department, L.C.C. School, Poplar. 

"Mr. GroTes-Showell writes with a full knowledge of bis subject, and with admirable 
cleamesg. '—ShipfnMder. 
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8E00ND Edition, ReoUed, In Crown 8vo, txtra^ wUh Diagrams 

and Foidrng-Plau. 1b, dd. net. 

THE CALCULUS FOR ENGINEERS 

AND PHYSICISTS, 

INTEGRATION AND DIFFERENTIATION, 

With Applications to Technieal Problems; 

OI1A88IFIBD BEFEBENCB LIST OF INTSaRAIiS. 

By prof. ROBERT H. SMITH, A.M.IN8T.C.E., M.LMiOH.E., fco. 

** iBterctUnf dlafmnSf with practical illiutratioDf of actual ocenrrenoe, are to be found bece 
In aboBdaDoe. Trb tut coiOLw/n OLAaBinwD BBriBBVci tabu will prore Tery neefol tai 
mrtng tbe tlaae of tboee wbo want an integral In a hxurj.*'—Tke MmgtMtr, 


in 4t09 Bocirds, 7«. 6d. 

EASUREMENT CONVERSIONS 

(Sngliflh and Frenoh) : 

48 GRAPHIC TABLES OB DIAGRAMS, ON 28 PLATES. 

Showing at a glanoe the Mutual Conybbsion of MMABUUEMSim 

in DiTFEBXMT Ukitb 

Of IfOngtlui, Atcm, YolnmM, Weighti, StreMet, DeniitlM, Qwuitltiet 

of Work, Hone Powen, Temperataiw, Ao. 

For tho uat of Enginoon^ Sutvoyon, Anhftooto, nnti Oontnutora. 

By prof. ROBERT H. SMITH, A.M.Inst.C.E., M.LMxoh.E., ko. 

*^* These Tablis form the most nniqne and oomprehensive ooUeotion 
ever placed before the profession. By their nse mach time and Ubonr will 
be saved, and the chances of error in calotdation diminished. 


TBntD Bditioh. Pocket Slse, Leather Limp, with GOt Edges and Sounded Comert, 
printed on Special Thin Paper, with lUostrationa, pp. i-ni + 884. Price 18i. net. 

(THE NEW " NYSTROM ") 

THE MECHANICAL ENCINEErS REFERENCE BOOK. 

By henry HARRISON SUPLEE, B.Sc, M.E. 

** We (eel rare it will be of great lerTloe to mechanical englneen."— Jffi^<nMr«iv. 


THE STUDENT'S MECHANICS: 

An Introdaetlon to the Stady of Foree and Motion. 

By WALTER R. BROWNE, M.A., M.Inst. C.E. 
With IMagnuns. Crown 8vo. Cloth, 4s. 6d. 


"Clesr in style and practical in method, 'Tm STUDnfys Mkmanicb' if covdiallf to be 
feoQBuaended fSrom all points of view. ^—A ihgiu t u m . 


By the Same Author. 

FOUNDATIONS OF ME0HANI08. 

Paper* lepiintert from the Engimtir. In down Sto, is. 
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4« CBARLm GRIFFIN A OO.'S PUBLICATIONS. 

ELECTRICAL ENGINEERING. 

Second Edition, /Revised. In Large ^zw. Handsome Chth, Profusely 
Illustrated witA Plates^ Diagrams, and Figures. 24s. net, 

CENTRAL ELECTRICAL STATIONS: 

Their Design, Orsranisation, and Hanagement. 

By CHAS. H. WORDINGHAM, A.K.C., M.Inst.C.E., M.Inst.Mkch.E., 
Late Memb. of Council InstE.E., and Electrical Engineer to the Gty of Manchester ; 

Electrical Engineer-in-Chief to the Admiralty. 

** One of the most valuable contributions to Central Station literature we have had 
for some time."— EUctricify. 


In Large 8vo. Handsome Cloth. Profusely Illustrated. I26. 6d. net 

ELECTRICITY CONTROL. 

A Treatise on Eleetrte Switehffeap and Systems of Electrie Tpansmission. 

By LEONARD ANDREWS. 
Associate Membei of the Institution of Civil Engineers, Member of the Institution of 

Electrical Engineers, &c 

General Principles of Switchgear Design. —Constructional Details —Circuit Breakers or 
Arc Interrupting Devices. — Automatically Operated Circuit- Breakers.— Alternating Reverse 
Current Devices. — Arrangement of 'Bus Bars, and Apparatus for Parallel Running.— 
Oeneral Arrangement of Controlling Apparatus for High Tension Systems. — General 
Anangement of Controlling Apparatus for Low Tension Systems. — Examples of Complete 
InstaUaticms. — Long Distance Transmission Schemes. 

" Not often does the specialist have presented to him so satisfactory a book as this. . . . 
We recommend it without hesitation to Central Station Engineers, and, in fact, to anyone 
interested in the subject." — Power, 


Large 8vo, Cloth, with 3.^4 Pages and 307 Illustrations. 168. net. 

ELECTRICITY METERS. 

By henry G. SOLOMON, A.M.Inat.E.E. 

Contents. — Litroductory. — General Principles of Continuous - Current 
Meters. — Continuous-Current Quantity Meters.— Continuous- Ekiergj Motor 
Meters. — Different Types —Special Purposes, ».e., Battery Meters, Switchboard 
Meters, Tramcar Meters. — General Principles of Single- and Polyphase Induc- 
tion Meters.— Single -phase Induction Meters. — Polyphase Mieters. — Tariff 
Systems. — ^Prepa3nnent Meters. — Tariff and Hour Meters.— Some Mechanical 
Features in Meter Design. — Testing Meters.— Index. 

** An earnest and anoceasfnl attempt to deal oomprehenflively with modern methods of 
measuring corrent or power in electrical installations." —EngiMtring. 

In Large 8vo. Handsome Cloth. Fully Illustrated. 

By HERMANN BOHLE, M.I.E.E., 

Prof, of Electrotechnics, S.A. College, Cape Town, 

And Profbssor DAVID ROBERTSON, B.Sc, A.I.E.E., of Bristol. 
CONTBHTS.— General Friuciples.— Magnetising and No-Load Gurrents.- Losses in 
Transformers.— Iron Losses.— Copper Losses. -Temperature Rise.— Magnetic Leakage.— 
Leakage Inductance.— Vector Dia0*ams for Transformers.— Systematic Testing of Trans- 
formers.— Insulating Materials.— Bxamplet of Construction.— Design of TrwiMormers.— 
Applications of Transformera- Regulating ftnd Phase-Changing Transformers.— IHDEX. 
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ELECTRICAL E2^'QINEERINQ. 47 

In Large Crown 8vo. Handsome Cloth. Fully Illustrated. 5s. net. 

TELEGRAPHIC SYSTEMS, 

AND OTHER NOTES. 

A Handbook of the Pn'nciphs on which Telegraphic Practice is Baaed, 

By ARTHUR CROTCH, of the Engineer-in-Chief's Department, G.P.O. 

CoHTKHTS.— Batteries, Primary and Secondary. — Universal Battery Working.— 
Duplex Telegraphy.— Duplex and Qnadruplex Telegraphy. — Automatic Telegraphy. — 
Multiplex Tel^praphT.— The Hughes Type Printing Instrument.— The Baudot System.— 
The Murray Type Printing Telegraph.— Test and Battery Boxes.— Circuit Concentratioo, 
Ac — Bepeaters. — Submarine Telegraphy. — Wireless Telegraphy. — Indbx. — List OV 
Diagrams ov Conhsotioms. 

" This book is a particularly good one ... we can thoroughly recommend it . . • 
a handy book of ready reference."— J^f^efrteaf Remeio. 


In Large 8vo. Profusely Illustrated. Ss. 6d. net. 

WIRELESS TELEGRAPHY. 

By GUSTAVB EICHHORN, Ph.D. 

Contents. — Oscillations. — Closed and Open Oscillation Systems. — Coupled 
Systems. — The Coupling Compensating the Aerial Wire. — The Receiver. — 
Comparative Measurement in the Sender.— Theoretical Results and Calculations 
in respect of Sender and Receiver. — Close- and Loose-Coupled Sender and 
Receiver. — FormulsB.— The Ondameter. — Modem Apparatus and Methods of 
Working.- Conclusion. —Bibliography. — Indkx. 

"Well written . . . and combines with a good deal of description a careful 
Investigation of the fundamental theoretical phenomena."— Jfafur«. 


NiNETSSNTH EDITION. Leather, Pocket Size, with 810 pages. Ss. 6d. 

A POCKET-BOOK OF 

ELECTRICAL RULES & TABLES 

FOR THR USE OF KLSCTRICIANS AND ENGINEERS. 

By rOHN MUNRO, C.E., & Prof. JAMIESON, M.Inst.C.E., F.R.S.B. 

*' WoHX»XFUU.T Paxracr. . . . Wocthy of the highest rommmidatioB we can 
Vfikr-^El4ctrieiaH, 


GBIFFIN'S ELECTBIOAL PBIOE-BOOK: For Electrical, Civil, 
Marine, and Borough Engineers, Local Authorities, Architects, Railway 
Contractors, &c. Edited by H. J. Dowsing. Second Edition. Ss. 6d. 


ELECTRIC SMELTING AND REFINING. By Dr. W. Borchebs 
and W. G. McMillan. [See p. 67. 

ELECTRO - METALLURGY, A Treatise on. By Walter G. 
McMillan, F.LC, F.C.S., and W. R. Cooper. [See p. 67. 

ELECTRICAL PRACTICE IN COLLIERIES. By D. Burns, M.E., 
M.Inst.M.£. [See p. 57. 

ELECTRICAL SIGNALUNG IN MINES. By Gerald J. Hogg- 
wiNKEL, M.LE.E., &c. [in Active Prepamtion, 
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48 0HARLB8 GBIFFW di 00/S PUBLWATJOHfS, 

in Four Volumea, Grown 8uo. Fully Illustrated. Sold Separately. 

AN ELEIEHTART TEXTBOOK OF PHT8IG8. 

By R. WALLACE STEWART, D.Sc. (Lond.) 
Just Fublishbd. Cloth. With 142 Illiutratioiis. da. 6d. net. 

X^ I O H T. 

CoKTBMTS. — Introductory. — Rectiliaear Propagation of Light. — 
Photometry. — Reflection at Plane Surfaces. — Reflection at Spherical 
Surfaces. — Refraction. — Refraction through Lenses. — Dispersion. — Indrx. 

Vol. IL With 141 Pages and 48 Illustrations. 2s. 6d. net. 

S O XJ M^ D. 

Contents. — Simple Harmonic Vibration. — Production of Sound. — 
Wave Motion. — Propagation of Sound. — Characteristics of Sound. — Re- 
flection and Refraction of Sound. — Velocity of Sound in Air and Water.— 
Transverse Vibration of Strings. — Longitudinal Vibration of Rods and 
Columns of Air. — Index. 

Other Volumea in Preparation, and which will be Published Shortly, 

HEAT. MATTER. 


In Large 8vo. With Bibliography, Illustrations in the Text, and 

Seven Plates. 12s. 6d. 

THE MEAN DENSITY OF THE EARTH. 

An Essay to which the Adams Prize was Adjudgred in 1893 

in the University of Cambridgre. 

By J. H. POYNTING, Sc.D., F.R.S. 

"Cannot fall to be of great and genend int6TeBt."—Athenanim. 

Just Published. In Crown 8vo, Cloth. Illustrated with 

Diagrams. 3s. net. 

THE FORCE OF THE WIND^ 

By HERBERT OHATLEY, B.Sc. Eng. (Lond.), 

Professor of Civil Engineering, Tong Shan Engineering College, N. China. 

CoNTBNTS. — Practical Importance of Wind Pressure. — Impulsive 
Force of the Wind. —Variations in Velocity. — Stream Line Theory. — Stress 
in Structures due to Wind. — Windmills. — Train and Motor Resistance. — 
Effect of Wind on Water. —Scouring Effect of Wind. — Index. 


In Crown 8vo. Handsome Cloth. With 22 Diagrams. 

STRESSES IN MASONRY. 

By HERBERT CHATLEY, B.Sc. Eng. (Lond.). 

Contents. — Strength of Stone. — Walls. —Columns and Piers.— 
Brackets and Cantilevers. —Simple Arches.- Vaults and Skew Arches. — 
Domes. — Retaining Wails and Domes. — Artificial Stone. — Re-inforoed 
Co ncrete. — Index. ^ 
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TEXT'BOOK OF PHYSICS, 4^ 

In Five Volumes. Large 8vo. Sold Separately. 

A TEXT-BOOK OF PHYSICS. 

By J. H. POYNTING, So.D., F.B.B., 

Professor of Physics, Birmingham Unirersity, 

And Sir J. J. THOMSON, M.A., FJt.S., 

Professor of Bzperlmental Physics in the University of Cambridge. 


Iktroduotobt Volume. Fifth Edition, Revised. Fully Dlustrated. 

10b. 6d. 


OomaTB. — QraTitation. — The Aooeleradon of QraTlty. — Pastioiy. — gtre s s e i and 
Strains.— Tonlon.— Bending of Bods. —Spiral Springs.— Collision.— CompresslbiUty of 
Liqvlds.— Pressures and volnmes of Oases. ~ Thermal Effects Aooompanying Strain.— 
Oanillarity.-^arfaoe Tension.- Laplace's Theory of Capillarity.- UUfnsion of liiqnldt — 
DIffnsioD of Oases.— Viscosity of Liquids.— Ixnsx. 

" We regard this book as quite Indiroensable not merely to teachers bnt to physldsts of eveir 
vrade above the lowest."— UnivenU^ CorrupondenL 


VoLUMS II. Fifth Edition. Fully Illustrated. Price 8s. 6d. 

S O U N I>. 

OoHTBvn.- The Nature of Soond and lu ehief Charaoterlsttos.— The /elodty of Bound 
In Air and other Media.— Befleotlon and Bofractlon of Sound.— Vreqnenoy and Piteh of 
Notes.— Beeonanoe and Forced Oscillations.— Analysis of Vibrations.- The Transverse 
Vibrations of Stretched Strings or Wires.— Pipes and other Air Cavities.— Bods.— Plates. 
—Membranes.— Vibrations maintahied by Heat.— Sensitive Flames and Jets.— Mnsloal 
Sand.— The Snperposition of Waves.— Ikdrx. 

'^Tliework . . . maybe recommended to anyone desirous of pos s essing sn kast 
UP^o-AATS Staxdaxd Tbxatisb On Acoustics."— Zit/erature 


VoLUMB III. Thibd Edition, Revised. Fully Illustrated. Price 15s. 

CONTBNTB.— Temperature.— Expansion of Solids.— Liquids.— Oases. — Circulation 
and Convection.— Quantity of Heat; Spedflc Heat.— Conductivity.— Forms of Energy; 
Conservation ; Mechuiical Equivalent of Heat.— The Kinetic Theory— Change of State ; 
liqjldy Vapour.— Critical Points.— Solids and Liquids. —Atmospheric Conditions.— 
Baoiation.— Theory of Exchanges.— Badiation and Temperature.— Thermodynamics.— 
Isothermal and Adiabatio Changes.— Thermodynamics of Changes of State, and Solu- 
tions.— Thermodynamics of Badiation.— IHDBX. 

"Well up-to-date, and extremely clear and exact throughout. ... As clear as 
It would be possible to make such a text-book ''—Nature. 

Remaining Volumes in Preparation — 

IiIGHT ; MAQNETIBM AND EIiECTBIOITY. 
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50 CHARLES ORIFFIN dc CO.'S PUBLICATIONS. 

CHIFFIM'8 LOCAL COYEHMMENT HANDBOOKS. 

WOBKS SUITABLE FOR MUNICIPAL AKD COUNTIT ENGINEEK8, 

ANALYSTS, AND OTHBBS. 

See al«o Daviea' Hygiene, p. 90, and MacLeod's CaleulatiorUt p. 110 General Catalogue. 

Oas Manufacture (The Chemistry of). A Handbook on the Pro- 
duction, Porlflcation, and Testing of Illuminating Gas, and the Assay of Bye-Pro- 
ducts. By W. J. A. BUTTERFIKLD, M.A., F.LC, F.C.S. With Illustrations. Foubtb 
Edition, Beyised. Vol. I., 7s. 6d. net. Vol. Ii., in prepartUum. [See page 77. 

Water Supply : A Practical Treatise on the Selection of Souroes and the 
Distribution ci Water. By KEGurALD E. Middlbtov, M.Inst.C.E., M.In8t.Mecfa.S., 
F.S.I. With Numerous Plates and Diagrams. Crown 8to. 8s. 6d. net. [See page 77. 

Central Eleetrleal Stations : Their Design, Organisation, and Manage- 
ment. ByC. H. WoiiDlNaHA]f,A.K.C.,M.I.C.E. SbcoitdSdition. 24s.net. [Seep. 46 

Electricity Control. By Leonard Andrews, A. M. Inst. C. £. , M.I. £. £. 

12s. 6d. net. [See page 46. 

Electricity Meters. By Henry G. Solomon, A.M. Inst. E.£. 168. 

net. [See page 46. 

Trades' Waste : Its Treatment and Utilisation, with Special Reference 
to the Prevention of Rivers' Pollution. By W. Naylor, F.C.S., A.M.Inst.C.S. 
With Numerous Plates, Diagrams, and Illustrations. 21s. net. [See page 76. 

Calcareous Cements: Their Nature, Preparation, and Uses. With 
some Kemarks upon Cement Testing. By Gilbert Rbdobaye, Assoc.Inst.C.B., 
and Chas. Spackman, F.C.S. Sboond Edition. With Illustrations, Analytical 
Data, and ApiMudicee on Costs, Ac. ISs. net. [See page 76. 

Road Making and Maintenance : A Practical Treatise for Ensineers, 
Surveyors, and others. With an Historical Sketch of Ancient and Modem Practice. 
By Thomas Aitken, Assoc.M.Inst.C.E., Ac. Sboond Edition, Revised and En- 
larged. 2lB. net. [See page 79. 

The Principles of Sewage Treatment. By Prof. Dunbar, of Ham- 
burg. Translated by H. T. Calvert, M.Sc, Ph.D., F.I.C. 168. net. [See page 76. 

Light Railways at Home and Abroad. By William Henrt Colk, 

M.Inst.C.B., late Deputy Manager, North-Western Railway, India. Large 8vo, 
Handsome Cloth, Plates and illustrations. 16s. [See page sa 

Practical Sanitation : A Handbook for Sanitary Inspectors and others 
interested in Sanitation. By Geo. Rbid, M.D., D.P.H., Medical Officer, Staffordshire 
County Council. With Appendix (re-written) on Sanitary Law, by Herbert Manley, 
M.A., M.B., D.P.H., Barrister-at-Law. Thirteenth Edition, Thoroughly Revised. 
6s. [See page 78. 

Sanitary Engineering: A Practical Manaal of Town Drainage and 
Sewsge and Refuse Disposal. By Francis Wood, A.M.Inst.C.E., F.G.S. Second 
Edition, Revised. Fully Illustrated. 8s. 6d. net. [See page 78. 

Dairy Chemistry: A Practical Handbook for Dairy Managers, Chemists, 
and Analysts. By H. Droop Richmond, F.I.C, Chemist to the Aylesbury Dairy 
Company. Second Edition, Revised. With Tables, Illustrations, Ac. Handsome 
Cloth. [See page 7S. 

Dairy Analysis: The Laboratory Book of. By H. Droop Richmond, 
F.I.C. Fully Illustrated, Cloth. 2s. 6d. net. [See page 7S. 

Milk: Its Production and Uses. With Chapters on Dairy Fanmns, 
The Diseases of Cattle, and on the Hygiene and Control of Supplies. ^ Edward F. 
WiLLOUGHBT, M.D. (Lond.), D.P.H. (Lond. and Camb.), 6s. net. [See page 7S. 

Flesh Foods : With Methods for their Chemical, Microscopical, and 
Bacteriological Examination. A Handbook for Medical Men, Inspectors, Analysts, 
and others. By C. Ainsworth Mitchell, B.A., F.LC, Mem. Council Soc. of Public 
Analysts. Wiw numerous Illustrations and a coloured Plate. 10s. 6d. [See page 72. 

Foods: Their Composition and Analysis. By A. Wynter Bltth, 
M.R.C.8., F.C.S., Public Analyst for the County of Devon, and M. W 3ltth, 
B.A., B.Sc. With Tables, Folding Plate, and Frontispiece. Fifth Edition, 
Thoroughly Revised. 216. [See page 72. 
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Geological, Prospecting, Mining, and Hetallnrgical Publications. 


Geoloffy, Stpatlffraphical, . 
„ Praetical Aids, . 
„ Open Air Studies, 

HininflT Geology, 

PpospectinflT for Minerals, 

Theodolite Surveylnsr, . 
Ore and Stone Mininsr, 

Elements of Hlninsr, 

Coal Hininsr, 

Praetieal Coal Mlninsr, . 

Elementary „ 

Elect. Colliery Practice, 
Mine SurveyinfiT, . 
Mine Air, Investicration of. 
Elect. Sifimallinsr in Mines, 
Mining Law, .... 
Blasting and Explosives, . 
Testinsr Explosives, 
Shaft Sinking, 
Mine Accounts, 
Mininsr Eng. Report Book, 
Petroleum, .... 

A Handbook on Petroleum, 

Oil Fuel, 

Mineral Oil Testing, . 
Metallurgical Analysis, 
Microscopic Analysis, Metals, . 
Metallurgy (General), . 

(Elementary), . 
Intro, to Practical, 
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Demy 8vo, HanAsome cloth, 34^, 

Stratigrapliical Geology & Pakontology, 

OJir THE BA8I8 OF PHILLIPS. 
By ROBERT ETHERIDGE, F.R.S, 

•or THB MATURAL HIST. DBPARTUBKr, B&mSH MVSBUIf. LATB PAL^BONTOLOGIST TO THB 
GBOLOGICAL SURVBY OP GRBAT B&ITAIlf, PAST PRXSIDBKT OP THB 

GBOIjOGICAL SOCIBTr, BTC. 

tRAitb Aap, Vlumeroita ITablea, anb Sbirti^^sfx plated* 

" No fudi compendium of geologiad knowlodffe has eirer been fanmght togetlier befora.**—- 


" If Pkop. Sbblbv's Tolnme was remailcable for its originality and the breadth of its netrk 
Mr. Sthbsidgb AiUt Justifies, the assertion made in his preface that his book differs in oon 
^traction and detail mm, any known manual. . . . Must take high sank among wokk» 
40P a bpbkbncb. *—A tktn mmm . 


AIDS IN 

PRACTICAL GEOLOGY! 

WITH A SECTION ON PALEONTOLOGY, 

By PROFESSOR GRENVILLE COLE, M.R.I.A., RCS. 

Fifth Edition, Thoroughly Revised. With Frontispiece and 

Illustrations. Cloth. los. 6d. 

aSNllRAL CCNTlQNTa — 
PART I.— Sampling of tms Earth's Crust. 

PART n.~fiXAMINATION OF MINERALS. 

PART III.— Examination of Rocks. 
PART IV.— Examination of Fossils. 

" Dbskkving op THB HiGHBST PRAiSB. Here indeed are ' Aids ' innumbkablb and 
INVALI7ABLB. All the directions are given with the utmost deariest and precision.'' — 
Atktwnmi. 

"That the work deserves iu tide, that it is full of 'Aids/ and in the highest degrer 
PRACTICAL,' will be the verdict of all who use it" — Naturt. 


An Introduction to Geology Out-of-doors. 

By professor GRENVILLE COLE, M.R.I.A., F.G.S. 

For details, see Gnfiin's Introductory Science Series, p 85. 


Crown 8zv. Handsome Cloth, 2s. 6eL 

RESEARCHES ON THE PAST AND PRESENT HISTORY 

of 

THE EARTH'S ATMOSPHERE. 

Inoluding the latest Dlaoouerlee and their Praotlcal Applloathna. 
By dr. THOMAS LAMB PHIPSON. 

Part I.— The Earth's Atmosphere in Remote Geological Periods. 
Part II. — The Atmosphere of our present period. Appendices; Index. 

, "The book should prove of interest to general readers, as well as to meteorologists aid 
x>ther students of saence."— JVa/««r«. 
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GBIFFiyS "NEW LAND" 8EBIES. 

Prttctieal Hand-Booka for the JJw qf Prospectors, Explorers, 

SeUlsrSj Colonists, and all Interested in the opening 

up and Development of New Lands, 

Edited bt GRENVILLE A. J. COLE, M.R.LA., F.G.S., 

ProfeMor of Ctoology In the Boyal College of Science (or IreUnd, and Bzamlner In 

the Univenity of London. 


In Chrown Svo, Handsome Cloth, d^ 
With Nwnerona Maps Specially Drawn and Executed for this Work, 

NEW LANDS: 

THEIB BEBOUBCEB AND PBOBFECTIVB 

ADVANTAQEB. 

By HUGH ROBERT MILL, D.Sc, LL.D., F.R.S.E., 

''A want admirably auppUed. . . . Baa the advantage of beiog written by a pro- 
««wd Geograi)her/'— (7€0^r(i(pAiea/yoHrfi<iZ. 


With many Engravings and Photographa. Handsome Cloth, 4s. 6d. 

FOOD STJI>I>IL.Y. 

Bt ROBERT BRXTOE, 

Agriealtoral Saperlntendent to the Eoyal Dublin Society. 
With Appendix on Preserved Foods by C. A. Mitchbll, B.A., F.LC. 

" The work \b one which will appeal to thoee intending to become farmen at home 
or in the Colonies, and who desire to obtain a general laea of the tme prindples of 
fanning in ALL ITS BKAHOam,"— Journal qf the Royal Colonial Inst. 


FiTTH Edition. Wilh Illustrations, Handsome Clothe 6s, 

PROSPECTING FOR MINERALS. 

A Practical Handbook for Prospectors, Explorers, Settlers, and all 
interested in the Opening up and Deuelopment of New Lands, 

By S. HERBERT COX, Assoc.KS.M., M.lnst.M.M., F.G.S., 
Profeeeor of Mining at the Royal School of Mines. 

General Contentb. — Introduction and Hints on Geology— The Determina- 
tion of Minerals : Use of the Blow-pipe, &c —Rook-forming Minerals and Nou- 
Metallic Minerals of Commercial Yalne : Rock Salt, Borai^ Marbles, Litho- 
craphio Stone, Quarts and Onal, &c.. Ac. — Precious Stones and Gems—StratbBed 
I>epo8its: Coal and Ores— Aiineral Veins and Lodes — Irregular Deposits— 
Dvnamios of Lodes: Faults, Au^— Alluvial Deposits— Noble Metals: Gk>ld. 
Platinum, Silver, Ac.— Lead— Mercury— Copper— Tin— Zinc— Lron-Niokel 
&C.— Sulfur, Antimony, Arsenic, he — Comoustible Minerals — Petroleum 
General Hints on Prospecting — Glossary — ^Indez. 

"I his AnxniABLB lrtli work . . . written with scsbntiiio aooubaot in 
XUSAR and lucud style. ... An important additioh to technical literatore . . . 
—Mining JoumaL 
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SIR CLEMENT LE NEVE FOSTER, D.Se., F.R.S. 

Sixth Edition. With Frontispiece and 7x6 Illustrations. Price 34s. 

ORE & STONE MIKING. 

By Sir C. LE NEVE FOSTER, D.Sc, F.R.S., 

LATE PKOFBSSOa OP MINING, ROYAL COLLBGB OP SCIBNCB. 

Revised, and brought up-to-date 
By BENNETT H. BROUGH, F.G.S., Assoc.R.S.M. 

GENERAL CONTENTS. 

INTRODUCTION. Mode of Oeeiurenee of Minerals.— Pposjpectlnff.— Boring. 
-Breaking Ground. — Supporting Excavations.— Exploitation.— Hanlasre or 
Transport.— Hoisting or winding. — Drainage. — Ventilation. — Lighting. — 
Descent and Ascent.—Dressing— Principles ofBmployment of Mining Labour. 
-Legislation alTectlng Mines and Quarries. — Condition of the Miner.— 
Aeeldents.— Index 

"We have seldom had the pleasiire to review a work so thorough and complete as- 
the present one. Both in manner and in matter It is far superior to aktthino on 

IIS SFBOIAL 8UBJH0T HITHRRTO PUBLISHKD IN ENGLAND."— AtAetMBUm. 

" Not only is this work the acknowledged text-book on metal mining in Great Britain 
and the Colonies, but that it is so regarded in the United States of America is evidenced 
by the fact tliat it is the book on that subject recommended to the students in most of 
the mining schools of that country."— rAe Timet, 


In Crown 8vo. Handsome Cloth. With nearly 900 lUustrations, many of 
them being full page reproductions of views of great interest. Price 78. 6d. net. 

THE ELEMENTS OF MINING AND QUARRYING. 

An Introductory Text-Book for Mining Students. 
By Sir C. LE NEVE FOSTER, D.Sc, F.RS., 

Late Professor of Mining at the Royal College of Science. 

Gbnbbal O0NTKNT8. — Introduction. — Ocoorrence of Minerals. — Pro- 
gpectin£% — Boring. — Breaking Ground. — S up porting Excavations. — Ezploita- 
ttoQ — Maulage or Transport. — Hoisting or Winding.— Drainage. — Ventilation- 
-Lighting. — Descent and Ascent — Dressing, &c — Index. 

" A remarkably dear survey of the whole field of mining operations."— An^fMsr. 

" Barely does it fall to the lot of a reviewer to have to accord such unqualifled praise aa- 
thii book deserves. . . . The profession generally have every reason to be grateful to 
Sir C. Le Neve Foster for having enriched educational literature with so admirable an 
elementary Text-book."— if inif^ Journal, ^ 


In Large Crown 8vo. Fully Illustrated. 6s. net. 

THE INVESTIGATION OF MINE AIR: 

An Account by Several Authors of the Nature, Significance, and Practical 

Methods of Measurement of the Impurities met with in the 

Air of Collieries and Metalliferous Mines, 

edited by 

Sir CLEMENT LE NEVE FOSTER, D.Sc, F.R.S., 

And J. S. HALDANE, M.D., F.R.S. 

We know of nothing essential that has been omitted. The book is liberally supplie<^ 
with illustrations of apparatus." — CoUitry Guardian. 
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WORKS ON COAL»miNINQ, 

Fdth Edition, Revued and Greatly Enlarged. With 4 Plates and 

690 Illustrations. Price 248. net. 

A TEXT-BOOK OF COAL-MINING: 

FOR THE U8i OF COLLIERY MAMAQER8 AND OTHERS 
ENQAQED IN OOAL-MININQ. 

By HERBERT WILLIAM HUGHES, F.G.S:, 

AiMM. Bojftl School of Jlln(«, General Manager of Sand well Park OolUery. 

Gknkral Contents.— Geolo^.— Search for CoaL— Breaking Gronnd.— 
Sinking. — Preliminary Operations. — Methods of Working. — Haulage. — 
Winding. — Pumping. —Ventilation . — Lighting. —Works at Surface. — JPre- 
paration of Coal tor Market. — Indbx. 

"Quite THB BUT B00£ of its kind . . . aa pkactical in aim aa a book can be . . . Ika 
illmtratlona are bxcbluht."— ^dkemnuN. 

'* We cordially recommend the work."— CoUierir Onardian. 

** Will won come to be regarded aa the RAHDAao work of Ita kind." - Birndngham DoUy Otmttt, 


Fourth Edition, Thoroushly Revised and Greatly Enlarged. Re-set 
throughout Large Crown 8vo. Handsome Cloth. 12s. 6d. 

PRACTICAL COAL-MINING: 

4 MANUAL FOR MANAaERS, UNDER-MANAGBRS. 
OOLLIBRY ENGINISIBRS, AND OTHERS. 

With Worked'Oui Problems on Haulagef Pumping, VentiUuion, dbc. 

By GEORGE L. KERR, M.E., M.Ikst.M.E. 

Contnnts.— The Sources and Nature of Coal.— The Search for CoaL— 
Sinking. — Explosives. — Mechanical Wed«^. — ^Rock Drills and Coal-cntting 
Bfachines. — Coal-cutting by Machinerv.— ^Transmission of Power. — Modes of 
Working. — Timbering Koadwavs. — winding CoaL — Haulage. — Pumping. — 
Ventilation. — Safety Lamps. — Surface Arrangements, Surveying, Levelling, 

&C. 

"An BSfliVTiALLT FSAOTiCAL WOEK, and oan be confidently recommended. No department 
of Goal-Hlnlng haa been OTerlooked."— JeRflrteMr*' Oaaetu. 


Second Edition, Revised. In Crown 8vo. Handsome Cloth. 

With 200 Illustrations, ds. 6d. 

ELEMENTARY COAL-MINING: 

FOR THE USE OF STUDENTS, MINERS, AND OTHERS 
PREPARING FOR EXAMINATIONS. 

By GEORGE L. KERR, M.E., M.Inst.M.E. 

Contents.— Sources and Nature of CoaL — Exploration and Boring for 

Coal. — Breaking Ground. — Explosiv^ Blasting, he. — Sinking and Fittins 

of Shafts.— M!odes of Working. —Timbering Roadways. — Winding and 

Drawinff.—Haulage.— Pumping and Drainage. — Ventilation. — Cleaning and 

Sorting Coal. — Surveying, oc. 

*'An almndanoe of information eonveyed In a popular and attractire form. . . . Will be 
of great om to all who are In any way intereeted in coal mining."— SooMiiA OHtie. 

lONDOH: CHARLES GRIFFIN A CO.. LIMITED. EXETER STREET. STRiMIV 

3 


56 OHARLES ORIFFIN A 00:B PUBLICATIONS. 

Thirteenth Edition, Revised. With Numerons DiAgimms. 

Goth, 78. 6d. 

A TREATISE ON MINE-SURVEYING: 

fw the U9B of Managen of Mines and Qolllerlee^ Studente 
at the Royal School of Mines, do. 

By BENNETT H. BROUGH, AssocR-S.M., F.G.S., 

Formerly Instructor of Mine-Sunreying, Royal School of Mines. 

Contents. — General Explanations. — Measurement of Distances. — Miners 
Dial.— Variation of the Magnetic Needle. —Surveying with the Magnetic Needle 
in the Presence of Iron. — Surveying with the Fixed Needle. —The German Dial.— 
The Theodolite. — Traversing Underground.— Surface Surveys with the Theodo- 
lite. —Plotting the Survey. — Calculation of Areas. —Levelling. — Connection of the 
Undergrotmd and Surface Surveys. — Measuring Distances by Telescope, — Settin^- 
out. — Mine-Surveying Problems. — Mine Plans. — ^Application of the Magnetic 
Needle in Mining. —I%otographic Surve3rs.— Appendices. — Index. 

" lu CUBAKNSSS of S1YI.B, LUCIOITV of DBSCRimON, and FULNESS of DETAIL have lomr mgo won 
(Off It a place unlqiia In the nteratnre of this branch of minliig tngineertog. mod the present edition folly 
malmains the high standard of its predecessors. To the student* and to the mining engineer aUki. ns 
VALUR is Inestimable. The illnsbrations are excellent"— rAtf Mimnr ymmal. 


In Crown 8vo. Handsome Cloth. Fully Illastrated. 6s. net. 

A HANDBOOK ON 

THEODOLITE SURVEYING AND LEVELLING. 

For the use of Studente in Land and Mine Surveying. 

By Propkssor JAMES PARK, F.G.S. 

Contents. — The Scope and Object of Surveying. — Land Surveying.— 
The Theodolite.— Chains aD!d Steel Bands. — Obstaoles to Allignment. » 
Meridian and Bearings. — The Theodolite Traverse. — Co-ordinates of a 
Station. — Calculation of Omitted or Connecting Line in a Traverse. — 
Calculation of Areas. — Subdivision of Land. — Triangidation. — Determina- 
tion of True Meridian, Latitude and Time. —Levelling. — Kailway Curves. 
— Mine Surveying.— Surveying Boreholes. — Index. 

"A book which should prove as useful to the professional surveyor as to the 
student, "—yature. 


Sbcond Edition, Revised. Crown 8vo. Handsome Cloth. Illustrated. 6s. 

MINING GEOLOGY. 

A TEXT-BOOK FOR MININQ STUDENTS AND MINERS. 

By prof. JAMES PARK, F.G.S., M.Inst.M.M., 

Professor of Mining and Director of the Otago University School of Mines ; late Director 
Thames School of Mines, and Geological Surveyor and Mining Geologist to the 

Government or New Zealand 

GsHUUL COHTBNTS.— Introduction.- Classification of Mineral Deposits.— Ore Veins, 
their Filling, Age, and Structure.— The Dynamics uf Lodes and Beds. -Ore Deposits 
Genetically Considered— Ores and Minerals Considered Economically.— Mine Sampling 
and Ore Valuation.— The Examination and Valuation of Mines.— Indbx. 

" A work which should find a place in the library of every mining engineer."— 
Mining Worl d, 
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WOBES FOB MINEBS AND STUDENTS. 


Third Edition. In Croum 8vo. Handsome Cloth, With 30 New 

IllwUrcUiona, 

ELECTRICAL PRACTICE IN COLLIERIES. 

By D. burns, MiE., M.Im8T.M.E., 

Lecturer on Mining uid Geolonr to the Gliwgow and Weit of Scotland Technical OoUege. 

Units of Measurement, Conductors, &c.— The Theory of the Dynamo. — The 
Dynamo, Details of Construction and Worldng. — Motors.— Lighting Tnstalla- 
tiona in ColUeries. — Pumping b^ Electricity. — Electrical Haulage. — Coal 
Cutting. — MisceUaneoos Appucations of Electricity in Mines. — Coal Mines 
Regulation Ad (Electricity). — Indkx. 

"A clear and concise Introdnction to electrical practice In oolUeries."— Jfiti^n^ 
JowmaL __ _ __^ 

In Crown 8vo, Handsome Cloth. 8s. 6d. net. 

MINING LAW OF THE BRITISH EMPIRE. 

By CHARLES J. ALFORD, F.G.S., M.In8t.M.M. 

Contents. — The PriDciples of Mining Law.— The Minioj^ Law of Great 
Britain. — British India. — Ceylon.— Burma. — The Malay Penmsula — British 
North Borneo. — Egypt. — Cyprus.— The Dominion of Canada. — British 
Guiana.— The Gk>ld Coast Colony and Ashanti. — Cape of Good Hope.— 
Natal. — Orange River Colon v. — Transvaal Colony. — Rhodesia. — The 
Commonwealth of Australia. — New Zealand, &c.— Index. 

" Cannot fail to he usefol ... we cordially recommend the book."— Jftmti^ W<trld, 


Fourth Edition. In Large Svo, Price lOs. 6d. 

MINE ACCOUNTS AND MININa BOOE-KEEPINa. 

Fop Students, Managers, Secretaries, and others. 

With Exam plea taken from Aotual Practice of Leading Companltt. 

By JAMES GUNSON LAWN, A.R.S.M., A. M.Inst. C.E., F.G.8., 
Head of the Mining Department, Cambonie School of Mines. 

Editbd by Sir C. LE NEVE FOSTER, D.Sa, F.R.S. 
**It aeemi ixpossnut to nuctreat bow Mr. Lawh'b book ooald be made more oomplbtb or 
more valcablb, eareftil, uid ezhanatlve.*'— iiceotmtante* Magatint. 


Second Edition. In Pocket Size, Strongly Bound in Leather, Ss. 6d. 
Provided with Detachable Blank Pages for MS. 

THE MINING ENGINEERS' REPORT BOOK 

AND DIRECTORS' AND SHAREHOLDERS' GUIDE TO MINING REPORTS. 

By EDWIN R. FIELD, M.Inst.M.M. 

Witln Notes on the Valuation of Property, and Tabulating Reports, 

Useful Tables, and Examples of Calculations, do. 
" Ad aDmirablt compiled book which Mining Engineers and Managen will And 
■XTRlMiZLT USEFUL."— Ifim'n^ Jounuxl. 


In Crown Svo. Handsome Cloth. Illustrated. lOs. 6d. net. 

A DICTIONARY OF 

SPAKISH AND SPANISH-AMERICAN MINING, METALLURGICAL 

AND ALLIED TERMS. 

To which some Portuguese and Portuguese- American {Brazilian) Terms are added. 

By EDWARD HALSE, A.R.S.M., 

Mem. Inst. Mlog. and Hetall., of the Bng. Inst, of Ming, and Hetall. Engrs., Ac., &c. 

" Will be found of the greatest service to the mining profession."— Jfining JounuU. 
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LMTge 8vo. Handsome Cloth. With lUustrations. 
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METALLURGICAL ANALYSIS i ASSAYING : 

A THRBB YBAR8* COURSE 

FOR STUDENTS OF SCHOOLS OF MINES. 

By W. a. MACLEOD, B.A, B.Sc, A.O.S.M. (N.Z.), 

FormerlrAMtot.- Director. Thames School or Mines (N.Z.), and Lecturer in Chemisfeiy, Univenitj 
of Ttamanla : Director of Queensland Goremment School of Mines, Charters Towers : 

And CHAS. WALKER, F.C.S., 

lonstrator in Chemlstrj, Sydney UniTersit/ : ] 
and Metallurgy, Oharters Towers School of Mines 

Part L —Qualitative Analysis and Preparation and Properties of Gases. 
Part CI. —Qualitative and Qaantitative Analysis. Part III. — Assaying, 
Technloal Analysis {Gas, Water, Fuels, Oils, &c.). 

"The publication of this volume tends to prove that the teaching of metalhugical 
analyiii and assaying in Australia rests in competent hands."— i^oture. 


Formerly Assist.-Demon8trator in Chemistry, Sydney UnlTersity : Lecturer in Chemistry 

-— " - - - • of Mil 


In Crown 8vo, Beantifnlly Illnstrated with nearly 100 
Microphotographs of Steel, &c. Ts. 6d. net. 

MICROSCOPIC ANALYSIS OF METALS. 

By FLORIS OSMOND k J. B. STEAD. F.R.S., F.LC. 

Contents. — Metallography considered as a method of Assay. — Micro- 
graphic Analysis of Carbon Steels. — Preparation of Specimeos. — Polishing. 
— Constitnents of Steel; Ferrite; Cementite; Pearlite: Sorbite; Marteosite: 
Hardenite; Trooetite ; Austeoite. — Identification of Constituents-— Detailed 
Examination of Carbon Steels. — Conclusions, Theoretical and Practical.— 
Apparatus employed.— Appendix. 

" There has been no wortc previously published in English calculated to be so useful to 
the student in metallographlc research."— /ron and Steel Trades' JoxirtuU. 


In Crown 8vo. Handsome cloth. With 102 Illustrations. 6s. net. 

A HANDBOOK ON 

Their Structure and Constitution. 
By gilbert H. GULLIVER, B.Sa, F.R.S.E. 

Contents.— Methods of Investigation.— Solution Theory, and the Chemical Equili- 
brium of Mixed Substances.— Binarv Alloys in which no Definite Chemical Compounds 
are Formed.— Binarv Alloys which Show Evidence of the Formation of Definite Chemical 
Compounds.— Equilibrium Conditions in Metallic Mixtures.— The Bronzes, Brasses and 
the Steels.— Alloys of more than two Metals.— Bibliography.— Index. 

*' Probably the clearest and best exposition of the portion of the field with which the 
author treats which has hitherto sppeared iu the English language."— J^i^'n^e/*. 

Cbikd Edition. With Folding Plates and Many IllustrationB 36s. 


A PRACTICAL TREATISE ON THE ART OF EXTRACTING METALS 

FROM THEIR ORES. 
Bt J ARTHUR PHILLIPS, M.Inst.O.£.. F.O.S., F.G.8., im. 
And H. BAUERMAN, V.P.Q.S. 
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Bboond Edition, Revised^ Enlarged^ and Re-aet Throvghout on Larger Page, 
With Valuable RiUtogrofphy^ New Mape, JUustrationa, dke. 468. net. 

A TREATiSE ON 

By sir BOVERTON REDWOOD, 

D.Sc.. F.li.8.E., ABSoalNaT.O.E . P.LO. 

C0NTBIITS.--8BOTIOH I.: HistorioiU Accoontof the Petroleum Indiutty.— Section XL: 
Geological and Geographical DlBtributlon of Petroleum and Katural Gas.— SlOTlON III.: 
The Chemical and Physical Properties of Petroleum and Natural Gas.— SlOTlON IV.: 
The Origin of Petroleum and Natural Oas.— Sbotion V.: The Production of Petroleum, 
Natural Gas. and Osokerite.— Sbotion VI.: The Refining of Petroleum.— SlonoH VIL: 
The Shale Oil and Allied Industries.— SlonoN VUL : The Transport, Storage, and Dis- 
tribution of Petroleum.— Sbotion IX. : The Testing of Crude Petroleum. Petroleum and 
Shale Oil Products, Ozokerite, and Asphalt.— Sbotion X. : The Uses of Petroleum and 
Its Products.— Sbction XI. : Statutory. Municipal, and other JEtogulations relating to 
the Testing, Storage, Transport, and Use of Petroleum and its Products.— Appbhdioks. 
—Bebuoqilapht.— Index. 

"It is tadispatAbljr the most oomprehensive and complete treatise on petroleum, and this 
statement Is true, no matter on what brsnch of the industry a test of its merits is made. It is 
the only book In existence which glTes the oil man a clear and reliable outline of the growth and 
present-day condlUnn of the entire petroleum world. . . . Tbere is a wonderfully complete 
collection of plates and illustrations. —Petrolmm World. 
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A HANDBOOK ON PETROLEUM. 

FOR INSPECTORS UNDER THE PETROLEUM ACTS, 
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Use of Petroleum and its Products, and of Calcium Carbide. With 

suggestions on the Construetion and Use of Mineral Oil Lamps. 

By captain J. H. THOMSON, 

H.M. Chief Inspector of Exploslyes, 

And sir BOVERTON REDWOOD, 

Author of "A Treatise on Petroleum." 
" A Tolume that will enrich the world's petroleum literstnre, and render a service to the 
British branch of the induktiy. . . . Bellable, indispensable, a brilliant contribution."— 
Pftroleam. 

In Crown 8vo. Fully Illustrated. 28. 6d. net. 

THE LABORATORY BOOK OF MINERAL OIL TESTING. 

By J. A. HICKS, 
Chemist to Sir Boverton Bedwood 
Should be on the shelTCS of erery analytical chemist in practice."— Clk«mfcal Trade Journal. 

In Large Crown Syo, Cloth. Fully Illustrated 6.t. net. 

O I X^ F U E X^: 

ITS SUPPLY, OOMPOSITION, AND APPLIOATION. 

By SIDNEY H. NORTH, 

LATI EDITOR OF THB "PBTBOLEUM BEYIBW." 

C0NTKNT8.— The Sources of Supply.— Boonomic Aspect of Liquid FueL— Chemical 
Composition of Fuel Oils.— Conditions of Combustion in Oil Fuel Furnaces.— Early 
Methods and Bxperlments.- Modem Burners and Methods.— Oil Fuel for Marine Pur- 
poses.- For Nayal Purposes.— On LooomotlTes.— For Metallurgical and other Purposes. 
—Appendices. -Index. 

" Bveryone interested In this important question will welcome Mr. North's excellent 
text-hook."— J^aeure. 

THB PBTROL.EUM IJUfP: Its Choice and Use. A Guide 

to the Safe Employment of the Paraffin Lunp. By Caft. J. H. 
Tbomsok and Sir Boverton Redwood. Illustrated. I s. net. 
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Sixth Edition, thoroughly Revised and considerablv Enlarged. Laige 

8vo, with numerous Illustrations and Micro-Photographic 

Plates of different varieties of SteeL 

An Introduetlon to the Study of 

BY 

Sir W. ROBERTS-AUSTEN, K.C.B., D.C.L., F.R.S., A.R.S.M., 

Late Chemist and Amyor of tHe Royal Mint, and ProfeMor of Metalluisy 

in the Royal Colkge of Sdenoe. 

Revised throughout by F. W. HARBORD, A.R.S.M., F.I.C. 

OicNBKAi. CoNTBNTS.— The Relation of Metalluny to Chemistry.— Physical PropertiCft 
of Metals.— Alloys. The Themal Treatment of Metals.-- Fuel and 'Aennal Measuremenu. 
—Materials and Products of MetaUurgical Processes. — Furnaces. — Means of Supplying Air 
to Furnaces.— Thermo- Chemistry.— laical Metallurgical Processes. — ^The Micro-&tructurc 
of Metals and Alloys. — Economic Considerations. 

" No English test-book at all approaches this in the oomflbtbnbss with 
which the most modem views on the subject are dealt with. Professor Austen's 
volums will be invaluable, not only to the student, bat also to those whose 
knowledge of the art is far advanced.*' — Chemical News, 


Fifth Editiok, Revised, Considerably Enlarged, and in part Re- written. 
With Frontispieoe and numerous Illustrations. 21s. 

THE HETALLUR6T OF GOLD. 

BT 

T. EIBKE ROSE, D.ScLond., ASSOO.R.S.M.. 

Chemist and Asaayer of the Royal MinL 

OsiTBRAL CONTIMTB.— The Properties of Gold and iU Alloys.— Chemistry of the 
Compounds of Gold.— Mods of Oocutrenoe and Distribution of Gold.— Shallow Placer 
Deposits.— Deep Plaoer Deposits.— Quarts Crushing in the Stamp Battery.— Amalgam- 
ation in the Stamp Battery. — Other Forma of Gruuiing and Amiugamating Machinery. 
—Concentration in Gold Mills.— Diy Crushing.— Re-ffrinding.— Roasting.— Chlorinatlon : 
The Plattner Process, The Barrel Process, The Vat-Solution Process.- The Cyanide 
Process.— Chemistry of the Cyanide Process.— Refining and Parting of Gold Bullion. 
—Assay of Gold Ores.- Assay of Gold BuIUod.— Statistics of Gold Production.— Biblio- 
-raphy.- Index. 

" A ooMnuHxasEVB nuonoAL ntBATisB on this important sabjeot"— 1%< Ttma. 

'*The MOST ooMPLSTS deaerlptlon of the OHLoanrATioir fbocbss wUeh has yet been pob- 
llahed.'*-ifte^ JimnuU. 

** Adapted for all who are interested in the Gold Mining Indoatry, being free from teoti- 
nicalWee as far as poeslbla. bat la more particularly of value to those en^ged In the 
tBdoatry.*'— CSsps TlrnM, 
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Sboond Edition, Revised Thronghoat and Enlarged. Illustrated. 

THE METALLURGY OF LEAD. 

By H. F. COLLINS, AssoaRS.M., M.In8T.M.M. 

A Complete and Exhaostive Treatise on the Blanafaotnre of Lead, 
trith Sections on Smeltinff and Desilveiisation, and Chapters on the 
Assay and Analysis of the Materials involvedL 

"A THOROUOHLT BOUVD and tueful digest. May with iviRT oovfidwiob b« 
recommended."— Jffnjni^ JowmtU. 


Ssoond Editiok, Revised Throughout and Enlarged. Illustrated. 

THE METALLURGY OF SILVER. 

Comprising Details regarding the Sources and Treatment oF Silver 
Ores, together with Descriptions of Plant, Machinery, and Processes of 
Mannfaoture, Refining of Bullion, Cost of Working, &c. 

" The author has focussed A LABGi AMOWT or valuablr ikwobmaxiok into a 
oonvenient form. . . . The author has eyidently considerable practical experience, 
and describes the yarions processes clearly and yrrelV^Minino Journal. 


Just Published. With Frontispiece in Colours, and Beautiful Series 

of Photo-micrographs. 12s. 6d. net. 

JL L L O "y S 

AND THEIB IKDUSTBIAL APPLICATIONS. 
By EDWARD F. LAW, A.R.S.M. 

Contents. — Introduction. - Properties of Alloys. — Methods of Investigation.— 
Constitution. —Influence of Temperature on Properties.— Corrosion of Alloys.— Copper 
Alloys, Brass, Bronzes. — Special Brasses and Bronzes.— Oerman Silver and Miscellaneous 
Copper Alloys.— White Metal Alloys.— Anti-Friction Alloys.— Aluminium Alloys.— 
Silver and Gold Alloys.— Iron Alloys.— Miscellaneous Alloys (Amalgams, dkc.).— Indkx. 
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Third Edition, Revised. With Nnmeroas niustrations. Large 8vo. 

Handsome Cloth. 25s. net. 

With Additional Chapter on The Eleotrio Smelting of Steel. 

THE METALLURGY OF STEEL 

By F. W. HARBORD, Assoc.RS.M., FJ.C. 

With 37 Plates, 280 lUnstrations in the Text, and nearly 100 Micro 

Sections of Steel, and a Section on 

THS MBCHANICAL TRBATMBNT OF STBEL, 

By J. W. HALL, A.M.Inst.C.E. 

AAUDaxD Ooimina— The Plant, Maehinerj. Methodi and Ohemtotrr of the Beseemer 
and of the Open Hearth Prooeesea (Add and Baalo).— The Mechanical Treatment of Steel 
comprtainc HiU Praotloe, Plant and Machinery. — The Inflaenoe of MetaUoids, Heat 
Treatment. Special Steels, Mioroetraetore. Testing, and Spedflcations. 

The Jhitfiiwer nja, at the conclusion of a reyiew of this book :— " We cannot oonclade without 
earnestly recommending all who may be interested as nuikers or users of steeiT which practicsll j 
means the whole of the engineering profession, to make themselyes acquainted with it ss speedily 
ss possible, and this may oe the more easily done ss the published price, considering the liie 
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Third Edition, Revised and Enlarged. With many new Plates. 

16s. net. 

THE IETALLUR6T OF IRON. 

By THOMAS TURNER, As80C.R.S.M., F.I.C.. 

Pro/effor of MetaUurgy in ike UniversUy of Birmingham. 

Oeneral CSonieaiJ.— Barly History of Iron.— Modem History of Iron.— The Age of Steel. 
-Ohlet Iron Ores.— Preparation of Iron Ores.— The Blast Fumaoe.— The Air used in the 
Blast Fnnaoe. — Beaonons of the Blast Fumaoe.~The Oaeeoos Prodnota of the Blast 
Furnace —The Fnel need in the Blast Pumace. Slags and Fnxes of Iron Smelting. — 
Properties of Oast Iron. — Foundry Praotioe. — Wrought Iron. — Indirect Prodnotlon of 
Wrought Iron.— The Paddlinic Process.— Further Treatment ot Wrought Iron. -Corrosion 
of Iron and Steel. 

*' A THOBOUOBLT USBFUL BOOK, which brings the sabject up to dath. Of 
OBBAT TALUB to those cDgsged in the iron mdnstrj.** — Mintng Journal. 
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For Profefwor Turner's Lectures on Iron- founding^ see page 68 


Just Published. In Large 8vo. Handsome Cloth. Fully Illustrated. 

128. 6d. net. 
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By C. Y. WANG, M.A., B.Sc., 
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the Chung Lou General Mining Company; Geologist for the 
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Tenth Edition. With Tables and Illustrations. Cloth, loe. 6d. 

A TEXT-BOOK OF ASSAYING: 

For the U9e of StudenU, Mine Managere^ Aeaayen, da. 
?Y J. J. BERINGER, F.LC, F.C.S., 

Public Analyst for, and Lecturer to the Mining Anodatioa o^ ComwalL 

And C, BERINGER, F.C.S., 
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Gbnbxal CotrmtTS. — Pakt I. — Imtkoductoky ; Manipulation : Sampiuig : 
Drying ; Caloilation of Results— Lahoratory-books and Reports. Msthods : Dry GraYi* 
metnc; Wet Gravimetric— Volumetric Assays: Titrometnc, Colorimetric, Gasometric— 
Weighing and Measuring---Reag«its— Formidss, Bgnations, &c.— Specific Gravity. 

Pakt II.—-MBTAL8 : Detection and Assa^ of Silver, Gold, Plafimini, Mercury. Copper, 
Lead, ThalKum, Biamu^L Antimonv, Iron, Nidcel, Cobalt, 2inc, Cadmium, Tin, Tungsten, 
Titanium, Manganese, Cfiromium. Itc.— Earths, AOcalies. 

Part IIL--Nom-Mktal8 : Oxygen and Oxides ; The Halogens— Sulphur and Sul- 
phates— Anenic, Phosphorus, Nitro^n — Silicon, Carbon, Boron— Usefiil Tablea. 

* ' A^ SKAixv MBXiTOKious woKK, that may be salUy depended upon either lor systematic 
instruction or for refisrenoe. ^Nt^htn- 

"This woric is one of the bbst of its kind.**— ^fv^vMr. 


In Crown 8vo. Handsome Cloth. Fully Illustrated. Ss. net. 

AN INTRODUCTION TO 

PRACTICAL METALLURGY. 

By prof. THOMAS TURNER, A.RS.M., F.LC, 

Professor of Metallnrgy In the University of Birmingham. 

Contents.— Introduction.— Sampliufr and Weighing.— Metals and Alloys.— Oxtdatioo 
and Reduction.— Examination of Fire Clay.— Slags and Fluxes.- Examination of Fuel.— 
Iron Ores.— Determination of Muffle Temperatures.— Sliver and Silver Assay.— Ass^y of 
Silver Bullion.— Assay of Silver Ores.— Gold Assay.— Assay of Gold Ores.— Pi-operties 
•f Mercury. — Micro-Structure of Metals.- Iron and Steel. — Eleotro-Depofcitlon.— 
Appendix.— INDBZ. 

" It is an excellent and handy book for its purpose, and will have a far wider range 
•f Qsefulness than for class work alone."— Practical Bngineer. 


Fourth Edition, Revised. With Numerous lUustrcUions, 6s, 
A TBXT-BOOK OV 

ELEMENTARY METALLURGY. 

Inolnding the Author's Paagtioal Labobatobt Coubsb, 
By a. HUMBOLDT SBXTON, F.LC, F.aS., 

Frofeesor of Metallurgj fai the OUtfgow and West ot Sootland Tedmioal Oolkce. 

General Contents.— Introduction.— Properties of the Metals.— Combustion.— Fuels. 
—Refractory Materials.— Furnaces.— Occurrence of the Metals in Nature.— Preparation 
of the Ore for the Smelter.— Metallurgical Proces8es.—Iron.— SteeL— Copper.— Lead. — 
7inc and Tin.— Silver.— Gold. — Mercury.— Alloys. — Applications of Electnioitt to 
Metallurgy.— Laboratory Course. 

" Just the kind of work for Students coxiixxciirG the study of MetollurKyt or for EHGiKBBEiaG 
Students."— ProcMooZ Engineer. 
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In Lftrge 8vo. Handaome Cloth. Prioe 4m, 

QOAMTITATIYE METALLURGICAL ANALYSIS. 

TABLES FOR LABORATORY USE. 

ON THE PRiNCiPLE OF "GROUP" SEPARATIONS. 

By J. JAMES MORGAN, F.O.S., M.S.O.I. 

"Th« Author mfty be ookqbatulatbo on the way hie work hM been oenledoat."— 
1%< En gin t tr . 


Third Edition, Reyiaed, Enlarged, and Re-written. 
A TREATISE ON 

ELECTRO -METALLURGY: 

Bmbraoing the AppUoation of BleotrolysiB to the Plating, Depositing, 

Smelting, and Refining; of variooi Metala, and to the Repro- 

dnotion of Printing Surfiusee and Art- Work, ko, 

BT 

WALTER G. MCMILLAN, F.I.C, F.C.S., 

LaU Lecture in MetaOurffy at Maaon CMege, Birmif^ham, 

Thoroughly Revised by W. R. COOPER. 

" Excellent, . . . one of the best and most complbts manuals hitherto published 
on Electro-Metallurgy."— f^eefrioo/ Review (on the Second Edition). 


Skoond Edition, Thoroaghly Rerised and Enlarged. In large 8vo. 
With Numerous Illustrations and Three Folding- Plates. 21s. net, 

ELECTRIC SMELTIM & REEIITIM: 

A Practical ly^anual of the Extraction and Treatnnent 
of iy^etaJs by Electrical Methods. 

Being the *' ELKKTBO-MKTALLimois " of Db. W. B0RCHER8. 

Tranftlated from the Latest German Edition by WALTER G. M"MILLAN, 

P.I.C., F.0.8. 

CONTENTS. 

Pabt L — AuLAUss AND Alkaluvx Eabth Mbtals: Mafmesium, 
Lithium, Beryllium, Sodium, Potassium, Calcium, Strontium, Barium, 
the Carbides of the Alkaline Earth Metals. 

Part II. —The Earth Mbtaus: Aluminium, Cerium, Lanthanum, 
Didymium. 

Part ILL — Thb Hbavt Mbtals : Copper, Silver, Gold, Zinc and C«ui- 

mium. Mercury, Tin, Lead, Bismuth, Antimony, Chromium, Molybdenum, 

Tungsten, Uranium, Manganese, Iron, Nickel, Cobalt, and the Platinum 

Group. 

*« CoKPBXHiNSivx and authobitativi ... not only full of valuable infob- 
MATiov, but gives evidence of a THOROuaH insight into the technical value and 
POSSlBlLinBS of all the methods dlscossed."— 7A« Bleetrieian. 

" Dr. BOROHERS' WELL-KNOWN WORK . . . mUSt OF NE0E88ITT BE AC<)UIKBD by 

every one Intereeted in the subjeoc. Bxoellentlt put into English with additional 
matter by Mr. MoHillan."— Mature. 
" Will be of GREAT SBRVICS to the practical man and the Student."— JSfeeerio Smelting. 
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In Medium 8vo, Handsome, Cloth. Fully lUuHrated, 15s. net. 

GENERAL PQUNDRY PRACTICE: 

A Practical Handbook for Iron^ Steel ana Braaa Founders, 
MetaJlurgiBtB, and Students of Metallurgy. 

By A. M^'WILUAM, A.R.S.M., amd PERCY LONOMUIR. 

C0NTBMT8.— Intiudaction.— 0«nenl PropertieB of Matter.— Moulding Sands.— Facing 
Sands and Facings. — Foundry Tools. — Moulding Boxes. — Handling Material in the 
Foundry. — Open Sand Moulding.— Cores.— Elementary Aspects of Moulding.— Oreen 
Sand Moulding.— Securing Cores in Moulds.— Moulding from Guides.— Bench, Oddslde, 
and Plate Moulding.— Machine Moulding.— Dry Sand Moulding —Loam Moul<ling.— 
Chill Casting.— Casting on other Metals.— Burning.— Weighting and Binding Materials. 
—Shrinkage. Contracuon, and Warping.— Dressing Castings.— Common Faults due to 
Mould and Pattern.— Malleable or Wrought Iron, Steel ana Malleable Cast Iron.— Cast 
Iron.— Eefraetory Materials.— Fuels and Furnaces.— Mixing by Analysis.— li smelting.— 
Working the Cupola.— Further Treatment of Cast Iron.— High Temnerature Measure- 
ment. — Steel. —iTotes on Metals other than Iron. — Alloys.— Mecnanical Testing.— 
Micrographio Analysis.— Common Faults.— Foundry Management.— Index. 

"Thestudentof foundry work . . . needs no other text-book. . . . The book 
contains a tremendous amount of information, and is well written."- JS'n^n^sHfv Timett. 


Kxtra Orovm Svo. With 48 lUustrationH. Za. 6d. net. 

LECTURES ON IRON-FOUNDING. 

By I HOMAS TURiVER, .M.Sc., A.R.S.M., F.I.C., 

Professor of Metallurgy in the Uniyersity of BirmingluuL. 

CONTBNTS.— Varieties of Iron and Steel.— Application of Cast Iron.— History.— Pro- 
duction.— Iron Ores.— Composition.— The Blast Furnace.— Materials.— Reactions. -- 
Grading Pig Iron. — Carbon, Silicon, Sulphur, Phosphorus, Manganese. Aluminium. 
Arsenic, Copper, and Titanium.— The Foundry.— General Arrangement.— B«-melUnff 
Cast Iron. — The Cupola. — Fuel Used. — Changes due to Re-melting. — Moulds and 
Moulding.— Foundry Ladles.— Pouring and Pouring Temperature. -Common Troubles.— 
Influence of Shape and Size on Strength of Castings.— Tests. 

" Ironfounders will find much mformation In the hook.**— Iron Trade Circular 
Ryland'i). 

In Larye 4fo, Library Style. Beautifully Illustrated with £0 Places, many 
in Cidours^ and 94 Figures in the /'ext. £2, 28. net. 
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TheiP Ppopepties, Ooouppenoes, and Uses. 

A Treatise for Dealers, Mcuiufaoturers, Jewellers, and for all 
Collectors and others interested in Gems. 

By Dr. MAX BAUER, op the Univrrsity op Marburg. 

T&ANSLATBD BY L. J. SPENCER, M.A. (Cantab.), F.G.S. 

'* llie plates are remarkable for their beauty, delicacy, and truthfulness. A glance at 
them alone U a lesson on precious stones, whilst the perusal of the work itself should 
add a new interest to any casket of Jewels or cabinet of gems, or even to a Jewellers' 
window. "—Athenceum. 


in Large Orown 8vo, With Numerous Illustrations, 8s. 6d. 
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Headmaster of the Jewellers and Sllyersmiths' Assoc. Tech. School, Birmingham. 

Assisted by J. H. STANSBIE, B.So. (Lond.), F.I.O., 

Lecturer at the Birmingham Municipal Teehnieal School. 
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Third Edition, Revised, Enlarged, and Re-issued. Price 68. net. 

A SHORT MANUAL OF 

INORGANIC CHEMISTRY. 

By a. DUPRE, Ph.D., F.R.S., 
And WILSON HAKE, PhD., F.I.O., F.C.S., 

Of the WestmintMr HcMpital llediaa School 

"Am bxamplb or the advahtagbs or tkb SvtTBMATic TtBATMBNT of a Sdance 
over Che frmgnentary ttyle so genandly Mlowed- Bv a long wav thr mnr of the aaall 
Manuals for Stqdenti."— ^im/yrf. 


In Handsome Cloth. With nearly 50 IHustrations. Ss. 6d. nee. 

THE ELEMENTS OF CHEMICAL EHGINEERING. 

By J. QROSSMANN, M.A., Ph.D., F.LC. 

WITH A PBIFAOB BT 

Sib WILLIAM RAMSAY, K.C.B., F.R.S. 

COHTBKts.— The Beaker and iU Technical lEqaiTalente.— DisUllinff Flaahi, lieUg'e 
Condensen.— Vractionating Tubes and their Technic«I Eqaivalenta.— The Air-Bath and 
lU Technical EqalvalenU.—The Blowpipe and Crucible and their Technical Bqaivalenti. 
—The Steam BoQer and other Sources of Power.— General B«niarks on the Application 
of Heat in Chemical Bngineerlng.— The Faanel and its Technical Bqaivalents.— The 
Siortar and its Technical Bquivalents.— Measuring Instruments and their Technical 
BquiTalents.— Materials Used In Chemical Engineering and their Mode of Application.— 
Technical Research and the Designing of Plant.— ConclU8ion.--Chemicals and Materials. 
— IVDIX. 

"Ezoellent. . . . Bveij student of chemistry attending a technical ooone should 
obtain a copy. ' — Chemiecd AetM. 


LABO&A.TOBT HANDBOOKS BT A. HUMBOLDT SEXTON, 

Professor of Metallurgy in the QIasgow and West of Sootland Teohnloal OoUege. 


OUTLINES OF QUANTITATIVE ANALYSIS. 

FOR THB USB OF aTUDBNTS. 

With ninatrations. Fifth Edition. Crown 8vo, Qofh, Si. 

" A ooMrAOT LABOBATOBT ouiDB foT beginnsfs was wanted, and the want has 
bssn wnu. sufflixd. ... A |;ood and useftil book."— Zanetl. 


OUTLINES OF QUALITATIVE ANALYSIS. 

FOR THB USB OF STUDBNT8. 

With Dlnstratioiis. Fourth Edition, Revised. Crown Svo, Cloth, Ss. 6d. 

** The work of a thoroughly practical chemist''— .0ri<it4 Medical Jaurr/U. 
** Compiled with great care, and will supply a want.**— JourtuU of BducaHon. 

ELEMENTARY METALLURGY: 

Indnding the Author's Practioal Laboratory Coarse. 

[See p. 66. 
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OHJBUmTRT AND TBOHNOLOOY, ^^ 

In Two VoIb., Large 8vo. With DltutrationB. Sold Separately. 

CHEMISTRY FOR ENGINEERS 
AND MANUFACTURERS. 

BY 

BERTRAM BLOUNT, F.I.C, & A. G. BLOXAM, F.I.O. 

VOLUME L— Chemistry of Enffineepinflr, Buydinflr, and Metallurflry.— G^en^rol 
Contentf.— INTRUDUCTION.— Chemiatry or the Chief MateriaU of Construction.— 
Sources of Bnergy.— Chemistry of Steam-ralslng.— Chemistry of Lnbrication and 
Lubricants.— Metallurgical Processes used in the Winning and Manufacture of 
Metals. Price 10s. 6d. 

VOLUME II.— The Chemistry of Manufacturing Processes.— 6«n«ra2 Contst\t».— 
Sulphuric Acid Manufacture.— Alkali, dkc. — Destmctive Distillation. — Artificial 
Manure.— Petroleum.— Lime and Cement— Clay and Glass.— Sugar and Starch.— 
Brewing and Distilling.— Oils, Resins, and Varnishes— Soap and candles.— Textiles 
and Bleaching.— Colouring Matters, Jjyeing and Printing.— Paper and Pasteboard.— 
Pigments and Paints.— Leather, Olue, and Size.— SxploaiTes and Matches.— Minor 
Manufactures. Sboond Editioii , Thoroughly Eevised. Illustrated. 10s. 


Second Edition. In Large 8va Handsome Cloth. With 800 pages 

and 154 Illustrations. 25s. net. 

OILS, FATS, BUTTERS, AND WAXES : 

THEtn PREPARATION AMD PROPERTIES, AND MANUFACTURE THERE- 
FROM OF CANDLES, SOAPS. AND OTHER PRODUCTS. 

By C. R. alder WRIGHT, D.Sc, F.R.S., 

I^te Lectoxcr on Chennistry, Sl MaiVs Hospital Mescal School ; Examiner 
in "Soap" to th« City and Guilds of Lonaon Institute. 

Thoroughly Revised, Enlarged, and in Part Rewritten 

By C. AINSWORTH MITCHELL, B.A., F.I.C., F.C.S. 

Will be found absolutblv indispbnsablb. '— Tk^ Analytt. 
Will rank as the Standard £ 
fears to come." — Industries andJroH. 


«f 

"Will rank as the Standard English authokitv on Oils and Fats for uiati 


In Two Volumes^ Half Morocco, each complete in itself, 

PHYSICO-CHEMICAL TABLES 

For the Use of Analysts, Physicists, Chemical Manufacturers and 

Scientific Chemists, 

Volume I.— Chemical Eogineering, Physical Chemistry. 24s. net. 
Volume II.— Chemical Physics, Pore and Analytical Chemistry. 

{SharUy. 

By JOHN CASTELL-EVANS, F.I.C, F.C.S., 

Lecturer on Inorganic Chemistry and Metallurgy at the Finsbury Technical College. 

The Work comprehends as fitu- as poesible all rulbs and tablbs required by the 
Analyst, Brewer, Distiller, Add- and Alkali-Manufiuturer, ftc., &c. ; and also the prin- 
cipal data in Tkbrmo-Chsmistrv, Elbctro-Cmkmistry, and the various branches oi 
Ckbmical Physics. Every possible care has been taken to ensure perfect accuracy, and 
to include the results of the most recent investigations. 
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Sixth Edition, Thoroughly Revued. Fally Illustrated. 

FOODS : THEIR COMPOSITION AND ANALYSIS. 


By a. WYNTER BLYTH, M.R.C.S., F.I.Q, F.O.S., 

Barriiter-At-Law, Pnblio Aiuilyst for the Ooonty of Devon, and 
Medioal Officer of Health for St ICarylebonei 

And M. WYNTER BLYTH, B.A., B.Sc., F.C.S. 


Obmbral Contbnts.— HUtory of Adulteration.— LegiBlatiotL—Apparatua.—*' Aah."— 
^Sogar.—Goufectioneiy.— Honey.— Treacle.— Jama and Preserved nulti.— Starches.— 
Wneaten-Flour.— Bread.— Oats.— Barley. — Rye. — Rice. — Haixe. — Millet.— Potatoes.— 
Peas.— Lentils.— Beans — Milk. — Cream.— Butter. — Oleo-Margarine.— Cheese. — Lard.— 
Tea.— Coffee.— Cocoa and Chocolate. — Aleohol. —Brandy. —Rum. —Whisky.— Gin.— 
Arrack.— Liqueurs.- Absinthe.— Yeast. — Beer. — Wine. — v inegar. — Lemon and Ume 
Juice.— Mustard.— Pepper.— Sweet and Bitter Almonds.— Annatta— Olive Oil.— Water 
Analysis.— Appendix : Adulteration Acts, Ac 


'* A new edition of Mr. Wynter Blyth's Standard work, kriobsd with ail tbb aacarr 
DisooTsans 4«]> impbotbhshts, win be aooeptad as a \iOOD.*''^Chmnieal Nnn. 


PouBTH Edition, Thoroughly Revised. In Large 8vo, Cloth, with 

Tables and Illustrations. 21s. net. 

POISONS : THEIR EFFECTS AND DETECTION. 

By a. wynter BLYTH, M.R.C.S., F.I.C,, F.O.S., 

Barrister-at-Iiaw, Public Analyst for the Conn^ of Devon, and 
Medical Officer of Health for St Maryrebone. 

Okneral Contents.— L— Historical Introduction. II.— Classification— Statistics- 
Connection between Toxic Action and Chemical Composition— Life Tests— General 
Method of Procedure— The Spectroscope— Examination of Blood and Blood Stains. 
III.— Poisonous Oases. IV.— Acids and Alkalies. V.— More or less Volatile Poisonous 
Substances. VI.— Alkaloids and Poisonous Vegetable Principles. VIL— Poisons derived 
from Living or Dead Animal Substances. VlII.— The Oxalic Acid Qroup. IX.— 
Inorganic Poisons. Appendix: Treatment, by Antidotes or otherwise, of Cases of 
Poisoning. 

'* Undoubtedly ths most oovnavs woax on Toxioolosy in our lansasfn."— 3%« AntlvM. 
" As a paaoTiGiLL ODIDB, we know vo sama work."— 2'A« Umeet (<mth» Third EdUt.mj 


Crown 8vo, Handsome Cloth. Fully Illustrated. los. 6d. 

FLESH FOODS: 

With Methods for their Chemical, Microscopical, and Baoterio« 

logical Examination. 

A Praotioai Handbook for Medioal Men, AnaiyMta, /napeotora and othen. 
By C. AINSWORTH MITCHELL, B.A., F.I.C, F.C.S. 

" A compUatioa which will be most vsefbl for the cIam for whom It b faitended."— ^ 
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Second Edition. With Numerous Tables, Fully Illustrated. 

DAIRY CHEMISTRY 

FOB DAIBT MAKAGEBS, CHEMISTS, AND ANALYSTS 

A Practical Handbook for Dairy Chemista and others 

having Control of Dairies. 

By H. droop RICHMOND, F.I.C., 

CHBMIST TO TUB AYI.BSBURY DAIRY COMPANY. 

Contents. — I. Introductory. — ^The Constituents of Milk. IT. The Analysis ol 
Milk. IIL Normal MiUc : its Adulterations and Alterations, and their Detection. 
IV The Chemical Control of the Dairy. V, Biological and Sanitary Matters. 
VI. Butter. VII. Other Milk Products. VIII. The Milk o( Mammals other 
than the Cow. — ^Appendices. — ^Tables. — Index. 

" . . . In our opinion the book is the bbst contkibution on tmb subjbct that 
HAS YBT APPBASBD in the EugUsh language."— Za«<r^/ (on the First Edition). 


Fully IlloBtrated. With Photographs of Various Breeds of Cattle, &o. 

68. net, 

MILK: ITS PRODUCTION & USES. 

With Chapters on Dainf Farming, The Diseaaes of Cattie, and on the 

Hygiene and Controi of Suppiiea. 

By EDWARD F. WILLOUGHBY, 

M.D. (Lond.X D.P.H. (Lend, and Camb.). 

" We cordially recommend it to everyone who has anything at all to do with milk."— 
Dairy Wcrld. 

In Crown Svo, Fully Illustrated. 2s. 6d. net. 
THE LABOBATOBY BOOK OF 

DAIRY ANALYSIS. 

By H. droop RICHMOND, F.LC, 

Analyst to the Aylesbury Dairy Co., Ltd. 

" Without doubt the best contribution to the literature of its subject that has ever been 
vntitn.*'—Medtcai Tinus. 

In Large Crown 8vo. Cloth. Folly Ulustrated. 4s. 6d. net. 

ELEMENTARY AGRICULTURAL CHEMISTRY. 

By HERBERT INGLE, B.Sc, F.LC, F.C.S. 

Contents.— Introduction. — The Atmosphere.— The Soil.— Natural Waters.— The 
Plant.— MaDares.—Crope.— The Animal.— Foods and Feeding.— The Dairy.— Miscel- 
laneous. —INDEX. 

At Press. In Crown 8vo. Handsome Cloth. Illustrated. 

SOIIL. BJLCTSRIA. 

By JAMES CLARK, M.A., D.Sc., A.RO.S., 

Principal of the Academy, Kilmarnock. 
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In Large 8vo. Handsome Cloth. 

AGRICULTURAL CHEMISTRY AND ANALYSIS : 

A PRACTICAL HANDBOOK FOR THE USE OF AGRICULTURAL STUDENTS. 
By J. M. H. MUNftO, D.Sc, F.I.O., F.C.S., 

Profesaor of Ohemistry, Downton Collage of Agriculture. 

[In PreparcUion. 

In Large 8vo. Complete in Two Volumes. 
Ekieh Volume Complete in luelff and Sold Separately. 

TECHNICAL MYCOLOGY: 

The Utilisation of Micro-organiama in the Arte and Manufactures^ 

By Dr. FRANZ LAFAR, 

ProC of Fenneiitatlon-PhTalolosy uid Bacteriology in (he Technical High School, Vlennn. 

Translated bt CHARLES T. C. SALTER. 

Vol L-SOHIZOMYOSnC FERMENTATION. 
Vol II.-BUMYCBTIC FERMENTATION. 

Note.— Part I. of Vol. IL was issued separately at 7s. 6d. Copies of Part II., 
Vol. n., haye, therefore, been bound up to enable those possessing Part I. to oomplete- 
their copies. 

**The Urst work of the kind which can lay claim to completeneMi in the treadnent of 
« rasoinating sabject. The plan is admirable, the clasBiflcation simple, the style is good, 
and the tendency of the whole Tolnme Is to convey snre information to the reader.**—- 


Grown 8vo, Handsome Cloth. With Diagrams. 7s. 6d. net. 
[Companion Volume to "FERMENTS," by the same Author,^ 

TOXINES AND ANTITOXINES. 

By carl OPPENHEIMER, Ph.D., M.D., 

Of the Physiological Institute at Erlangen. 

Translated from the German by 

C. AINS WORTH MITCHELL, B.A., F.I.C., F.C.S. 

With Notes, and Additions by the Author, since the publication of the German Edition. 

" For wealth of detail^ we have no small work on Tozines which equals the one- 
nndar review." — Medical Txmw 


In Crown 8vo, Handsome Cloth. Price 7b. 6d. net. 

FERMENTS : AND THEIR ACTIONS. 

A Text-book on the Chemistry and Phyaica of Fermentative Changes, 

By carl OPPENHEIMER, Ph.D., M.D. 

Translated by C. AINSWORTH MITCHELL, B.A., F.LC, F.C.S. 

Abridqed Contents.— Introduction.— Definition.— Chemical Nature of Ferments.— 
Influence of Bztemal Factors.- Mode of Action.— Physiological Action.— Secretion.— 
Importance of Ferments to Vital Action.— Proteolytic Ferments.— Trypsin.— Bacteriolytic 
snd Hemolytic Ferments.— Vegetable Ferments.— Coagulating Ferments.— Saccharifying: 
Ferments. — Diastases. — Polysaccharides. — Bnsymes. — Ferments which decompose- 
Olucoaides.— Hydiolytic Ferments.- Lactic Acid Fermentation.— Alcoholic Fennenta- 
tion. —Biology of Alcoholic Fermentation.— Oxydases.— Oxidising Fermentation.— Bibli- 
ography.— Index. 

'' Snob a veritable multum in parvo has never yet appeared."— i9rcic«r<' J<mmaL 
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CHEMISTRY AND TRCHNOLOOY. 75 

Thulp Edxtiom. In Handsome Cloth. Fnlly lUiutratod. 2l8. net. 

PRINCIPLES AND PRACTICE OF BREWING. 

FOR THE USE OF STUDENTS AND PRACTICAL MEN. 

By WA.LTER J. SYKES. 
Revised by ARTHUR R. LING, F.I.C, F.C.S., 

Editor of the Journal of the Initltnte of Brewing. 

CoMTBRTS. — Physical Principles Involved. — The Chemistry of Brewing. —The 
Microeoope. — Vegetable Biology. — Fermentation.— Water.— Barley and MalttBg.— 
Arrangement of Brewery Plant.— Quantities of ICaterials.- Vermentation.— Antlwii^cSb 
-Finings.— Characteristics of Beer.— Diseases of Beer.— Iin>az. 

" A thorough and comprehensive text-book . . . up-to-date . . . a standard 
text-book."— Bretwjr*' Journal. 


In Crown 8vo. Handsome Cloth. Fully Illustrated. Os. net. 

PEAT: Its Use and Manufacture. 

By PHILIP R. BJORLING, Consulting Hydraulic Engineer, 

And FREDERICK T. GISSING. 

GuBKAL CoRTssTB.— Introduction.— The Formation of Peat.— Ares and Depth of Begs in 
Principal Countries.— Manufacture of Peat Fuel, Ac— Cut Peat, Dredged Peat» and Hanufketured 
Peat.— If achlnerr employed iu the Hanoraeture of Peat Fuel. —Peat Mots Litter, and the M acfaiseiT 
employed in its Hanufactnre.— Peat Charcoal and its Manufacture— Cost of making Peat Fuel and 
Charcoal.- Other Productions derived trom Peat, such as Tar, Manure, Candles, I^es, Paper, Ac 
— BiBLiooaA.PHT. — Irdbx. 

"The treatment ibroughout Ib clear and interesting . . . excellent platfss."— JSa^fMeriiHir. 


Companion Volume to the above. lu Crown 8vo. Handsome Cloth. Fully Illustrated. 

COMMERCIAL PEATs 

ItB Uses and Its PosslbUltles. 

By F. T. GISSING, 
Joint Author with P. R. BjOrling of "Peat: Its I'se and Manufacture." 


In Medium 8vo, Handsome Cloth. Fully Illustrated. 12s. 6d. net. 

PAPER TECHNOLOGY! 

AN ELEMENTARY MANUAL ON THE MANUFACTURE, PHYSICAL QUALITIBS, 

AND CHEMICAL CONSTITUENTS OF PAPER AND OF 

PAPERMAKING FIBRES. 

With Selected Tables fop Stationers, Publishers, and Others. 

By R. W. SINDALL, F.C.S. 

Exceedingly instnictive and particularly useful."— /'o^^r Makers Monthly Journal, 


In Crown 8vo. Handsome Cloth. With 80 Illustrations. 6s. net. 

THE CLAYWORKER'S HANDBOOK. 

An Epitome of the Mattriata and Met/iods employed In Brickmaking and Pottery. 

Br THB AUTHOR OF "THE CHEMISTRY OF CLAYWORKING,- 40. 

GsHBas-L Coif TBHT8.— Materials used in Clayworliing : Clays, Ensobes, Glases. Colours, 
Water, Fuel. Oils, and Lubricants.— The Preparation or tlie Clay, Mining and Quarrying, 
Weathering, Washing, Grinding. Tempering, ana Puraing.— Machinery : Boilers. Engines, General 
Machinery, tsieves, Mixing Machinenr, Presae?, Ac— jDryers and Drying.— Bngobing and Glaxins. 
—Setting or Charging, Transport— Kilns.— Firing.— Discharging, Sorting, and Packing.— Defects 
and Waste.— Tests, ^nalysisandControl.- BisLiooaAPHT.— TABLBs.-IaDUL 

"We can thoroughly recommend this handy little book to all our readers."— Aicfe oimI 
Pottery Tradu* JommaU 
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In Large 8vo. Cloth. With 147 Illiistrations. 158. net. 

A ICAKUAIi OF 

THE PRINCIPLES OF SEWAGE TREATMENT. 

By Prof. DUNBAR, 

Director of the Inatitiite of State Hygiene, Hamburg. 

English Edition by HARRY T. CALVERT, M.Sa, Ph.D., F.I.C, 
Chief Chemical Aaelstant, Weit Biding of Yorkshire Bivers Board. 

Contents.— Growth of Biver PoUatiou.— Legal Measuree taken by Central and Local 
Anthoritiea.— Biae and Derelopment of Methods of Sewage Treatment— Barller Views 
on Methods of Treatment.— Characteristics of Sewage.-^bjects of Pnrtflcation Works. 
—Methods for the Bemoval of Suspended Matters.— For the Bemoval of Putresdbility.- 
I>isinfection.— Supervision and Inspection of Works.— UtUity and Cost.— Indkx, 


Beautifully IlluatreUedf tvUh NwnerouM PkUea, Diagrckm^ afui 

Figures in the Text. tie. net. 

T R A D E S' WASTE: 

ITS TBEATMENT AND UTHiISATION. 
HAndbook for Borouffh Englneept, Surveyors, Arehiteets, and Analysts. 

By W. NAYLOR, P.O.S., A.M. Inst. C.B., 

Chief Inspector of Blvm, Bibble Joint Coiamlttae. 

" There is probably no persoa In England to-day better fitted to deal rationally with 
•utfii a Babjeot.''^JirilftA Smitariam, 


In Handsome Cloth. With 59 Illustrations. 6s. net. 


A Manual for the Use of Manufacturers, Ineoectora, Medical Officers of 

Health, Engineers, and Others, 

By WILLIAM NICHOLSON, 

Chief Smoke Inspector to the Sheffield Corporation. 

"We welcome such an adequate statement on an important subject."— SrititA 
MedbiealJowmiU. 


Skcond Edition. In Medium 8vo. Thoroughly Revised and Re- Written. 

15s. neU 

CALCAREOUS CEMENTS: 

THEIR NATURE, PREPARATION. AND USES. 

'&«■& ■oana Xtamtauplca upon C*anan« VPmm^tn^. 

Bv GILBERT R. REDGRAVE. Assoc Inst. C.E, 

Assistant Secretary for Technology, Board of Education, South Kensington, 

And CHARLES SPACKMAN, F.C.S. 

*' We can thoroughly recommend it as a first-class vavestment.*'—PracHcaiEftgineer. 


In Handsome Cloth. 5s. net. 

A HANDBOOK FOR CEMENT WORKS' CHEMISTS. 

By frank B. gatehouse, F.C.S. 

Gbniral Contbnts. — Introduction. — Chemicals and Apparatus. — Boolcs.— Analysis and 
Calculations of Raw Materials. — Analysis of Fuel, Kiln Gases, Lubricants and water. — 
Cement Analysis. — Gypsum, Plaster, &c. Burnt Lime. — Appkndicrs.— Index. 

"WOl be of great use in Cement Works."- .^rcAAirr/'. 

"Concise . . . excellent . . . a useful addition to Cemeitt Literature."- CtffKTr/r. 

lONOON : CHARLES GRIFFIN ft no.. LIMITED. EXETER STREET, STAANO. 
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With Four Folding Plates and Nnmeroas Illiutrations. Large 8yo. 

88. 6d. net. 

WJLTER STJPPUlTs 

A Praotltal Traatise on the Seleotton of 8oureo9 and tho DlatrlbuUon of Water. 
Br BEGIXALD E. MIDDLETON, M.1nst.C.E., M.Inbt.M»}H.£., F.S.I. 

AsaiDOU) CoNTEHTS.— Introdactory.— Seqalremeiiti as to ^laUty.— Bequirements 
■s to Quantity.— Storage Eeservoirs.— Panfleation.— Senrioe lle8enroirs.--The Flow 
of Wster through Pipes. — Distributing Systems. — Pumping Maohines. — Speoial 
Baquirements. 

"As a companion for the student, and a constant reference for the technical man, we 
antleipate It will take an important position on the bookshelf."— /Voetioo^ Bnginttr. 


In Large Grown 8vo. Folly Illnstrated. In Two Volumes. 

Volume 1. Fourth Edition. Price 7s. 6cl. net. 
• • 11. Third Edition. Ready Shortly. 

THE CHEMISTRY OF 


A Hand-Boo k on the Produotion, Punflcation, and Testing of Illuminating 
Qaa, and the Aaeay of the Bye-Products of Qas manufaature. 

By W. J. ATKINSON BUTTERPIELD, M.A., P.I.C, F.O.S., 

Formerly Head Obemlst, Ou Worka Beckton. Iiondon. K 

** Hie BK8T woBK of its kind which we h*ye ever hftd the plewmre of re- 
viewing.'*— /ounta/ of Qas Lighting, 


With Diagrams and lUostrationi. Ss. net. 
THE FRINOIPI.es OF ITS aSNERATION AND USE. 

By F. H. LEEDS, F.I.O., F.C.S., 

Member of the Society of Public AnalysU and of the Acetylene Association; 

And W. J. ATKINSON BUTTERFIELD, M.A. F.I.C., F.C.S., 
Consulting Chemist, Author of *' The Chemistry of Oas Manufacture." 

" Brimful cH information."— OA«m. Trade Journal. 

*'We can thoroughly recommend the book to the manufacturer as a reliable work 
of reference, to the user as supplying valuable hints on ajyparatus and methods of 
procedure, and to the itndent as a safe and certain guide."— ^oefv^^n^* 


Large 8vo. Handsome Cloth. Price 168. net. 

FIRE AND EXPLOSION RISKS: 

A Handbook of the Detection, Inueettgation, and Preoentton ofFlree and Exploeione. 

By Dr. VON SCHWABTZ. 

Translated from the Revised German Edition 

By C. T. C. SALTER. 

ABBRmaBD Okkbral C0NTKNT8.— Fires and Explosions of a General Character — 
Dangers arising from Sources of Light and Heat.— Dangerous Oases.— Bisks Attending 
Spedal Industries. — Materials Employed. — Anlcultural Products.— Fats, Oils, ana 
Basins.— Mineral Oils and Tar.— Alcohol, Ac. —Metals, Oxides, Acids, ^.— U^tnlng 
Ignition Appliances, Fireworks. 

"The work affords a ivealth of information on tiie chemistry of fire and kindred 
topics."— Wrs and Water. 

"A complete and useful lurvey of a subject of wide interest and vital importance."- 
OU a/nd Colourman't Journal. 
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Fourteenth Edition, Thoroughly Revised. The Appendix on Sanitary 
Law being Entirely Re-Written for this Edition. Price 6s. 

PRACTICAL SANITATION: 

4 HAND-BOOK FOR SANITARY INSPECTORS AND OTHERS 

INTERESTED IN SANITATION. 

By GEORGE REID, M.D., D.P.H., 

ftlitm, Mtm, C^tmciL and Examintr^ Samtary InsUtut* of Grtat BrUmm. 
ami Mtdicai OJfUtr to Hu Staffardskir* ComUy CoumHl. 

Mitb an BppenMi on Santtats Xaw* 

By HERBERT MAN LEY, M.A., M.B., D.P.H., 

Barrist^tr-at' Law. 

Grnbsal Contents. — Introduction.— Water Supply: Drinking Water, Pollution oi 
'ater. — ^Ventilation and Wanning. — Principles of Sewage Removal. — Details of Drainage ; 
Kefiise Removal and Disposal.— Sanitary and Insanitary Work and Appliances. — Details of 


Water.— Ventilation and Wanning. — Principles of Sewage Removal. — Details of Drainage ; 

".—Sanitary and Insanitary Work and AppP 
Plumbers' Work. — House Construction. — Infection and Disinfection. — Food, Inspection of; 


Characteristics of Good Meat; Meat, Milk, Fish, &c., unfit for Human Food.— Appendix : 
Samtary Law ; Model Bye-Laws, c^c. 

" A VRRY USEFUL HANDBOOK, with a very useful Appendix. We recommend it not only to SANITARY 
INSPECTORS, but to HOUSBHOLDEkS and ALL interested in Samtary Matters."— ^aMMi>y Record. 


In Handsome Cloth. With 53 Illustrations. 3s. 6d. net. 

LESSONS ON SANITATION. 

By JOHN WM. HARRISON, M.R.San.I., 

Mem. i ncor. Assoc. Mun. and County Engineers ; Surveyor, Wombwell, Yorks. 

Contents.— Water Supply.— Ventilation. — Drainage.— Sanitary Building Construction. — 
Infectious Diseases. — Food Inspection. — Duties of an Inspector of Nuisances and Common 
Lodging- Houses. — Infectious Diseases Acts. — Factory and Workshop Acts. — Housing of 
the Working>CIasses Act.— Shop Hours Acts.— Sale of Food and Drugs Acts. The Mar- 
garine Acts.— Sale of Horseflesh, &c.. Rivers Pollution.— Canal Boats Act. — Diseases of 
Animals. — Dairies, Cowsheds and Milkshops Order. — Model Bye- Laws. — Miscellaneous. — 
Index. 

"Accurate, reliable, and compiled with conciseness and care.** — Sanitary Record, 


Second Edition, Revised. In Crown 8vo. Handsome Cloth. Profiisely 

Illustrated. Ss. 6d. net. 

SANITARY ENGINEERING: 

A Praotioal Manual of Town Drainage and Sewage and Refuse Diaftoeal, 

For Sanltaiy AuthorltlM, Enarlneers, Inapeotors, ArohltaetB, 
Oontraotorsp and Stuctonto. 

By FRANCIS WOOD, A.M.Inst.C.E., F.G.S., 

Borough Engineer and Surveyor, Fulham ; late Borough Engineer, Bacup, Lanes. 

aSNISRAL OONTENTS. 

Introduction. — Hydraulics.— Velodty of Water in Pipes.— Earth Pressures and Retaining 
Walls. — Powers.- House Drainage. — Land Drainage.— Sewers. — Separate System. — Sewage 
Pumpbg.— Sewer Ventilation.— Drainage Areas — Sewers, Manholes, ftc. —Trade Refuse.— 
Sewage Disposal Works. -- Bacterial Treatment. — Sludge Disposal. — Construction and 
Cleansing of Sewers.— Refuse Disposal.— Chimneys and Foundations. 

" The volume bristles with information which wUl be greedily read by those in need of assistance. The 
book ts one that ouf^ht to be on the bookshelves of EVBRY practical VMGltiWRK,* —Sanitary youmai. 

•• A VBRITABLB POCKET COMPENDIUM of Sanitary Engineering. ... A work which may, la 
many respects, be considered as COMPLETE . . COMMBNDably CAUTIOUS . . . INTBRBSTINC 
. ■ . SXJGGBSmva:'— Public Health Bitginttr 

lONDOM : CHARLES QRIFFIN ft CO., LIMITED. EXETER STREET, STRAND. 


0HBM18TRY AND TKCHNOLOOT. 79 

Sjeoomd Edition. In Large 8tio. Handsome Oloth, Beau^ifidly 
lUuttraUd. With PlaUe and Fiffures in the Text. SU. net. 

BOAD IAKIH6 AHD lAIHTERAHGE: 

A Practical Treatise for Engineers, Surveyors, and Others. 
With an Histobical Skxtgh of Anoient and Modbrn Praotigx. 

By THOS. AITKEN, AssocM.Inst.O.E., 

Member of the Aaeoelatloii of Manioipal and Ooanty Engineers; Member of the Sanitary 
Inft ; Snrreyor to the Ooanty Oonncll of Fife. Onp^r Divlaion. 

WITH NUMEROUS PLATES, DIAQRAMS, AND ILLUSTRATIONS. 

Contents. — Historical Sketch. — Resistance of Traction. — Laying ont 
New Roads. — Earthworks, Drainage, and Retaining Walls. — Road 
Materials, or Metal. — Quarrying. — Stone Breaking and Hanlase. — Road- 
Rolling and Scarifying. — The Construction of New, and the Biaintenanoe 
of existing Roads. — Carriage Ways and Foot Ways. 

"The Literary style la sxcsLLBm. ... A ooMruHUSiTB and bxciluuiv Modem Book, an 
VP<«o-DAVB wott. . . . Shonld be on the reference shelf of erery Mnnldpal and Ooanty 
Bnfflneer or Sorreyor in the United Kingdom, and of every Oolonlal Bnglneer."— 2^ SurMyer. 


In Handsome Cloth. JFvUy Illustrated. lOd. 6e2. net. 

DUSTINESS ROADS. 

TAR MACADAM. 

By J. WALKER SMITH, 

Borough Engineer and Master of Works, Edinhurgh. 

Ck).NTBiiTS.— Necesalty for Improved and Standard Road Construction.— Tar.— Standardisation 
■ef Matrix.— Aggregate for Macadam — DifTerrnt Modes of Preparing and Laying.— MechaniaU 
Mixing.— Effects of Wear, Density, Porositr, Distribution of Weight.— ScaTenglng : Wateriugand 
Maintenance. — Camber : Gradient, Noiselessness. Hygienic Advantages. — Rolling. — Tractire 
■ffort— Statistics.- Tar Spraying on Onlinary Macadam Surfaces.— ArpixniCKS.— Index. 


In Demy 8vo. Handsome Cloth, With Many Tables. 
THE THEORY AND PRACTICE OP 

ERAIELLIIIG OH IBOH AHD STEEL. 

By JULIUS GRUNWALD, 

Technical Chemist and Works' Manager. 

Contents.— Introduction.— The Raw Materials.— Tlie Mixing. Dissolving, and Appli- 
•eation of Enamel.— Heating and Pickling Goods in the Rough.— Correct laying on. — 
Baking Enamelled Ware.— Decoration of Enamelled Objects.— Photo-Ceramics in their 
Application to Enamels.— General and Statistical Chapter.— The History of Enamels 
mdA their Uses.— Indkx. 
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8o GHARLICS GRtFFIN df CO.'S FUBLIOATIONS. 


In Large Svo. Handsome Cloth. Profusely Illustrated. 90b. net. 

A TREATISE ON 

COLOUR MANUFACTURE. 

A Guide to the Prepapation. Examination, and Application of all the 

Plirment Colours In Practical Use. 

By GEORGE ZERR and Dr. R. RUBENCAMP. 

AUTHORIBBD ENGLISH TRANSLATION BY DK. C. MAYER, OF BURODOBF. 

* This comprehensive guide . . . useful and Interesting."— Oi/ and Cofoitr rra<f«» 
Jowmal. 


Fourth Edition, Revised and Enlarged. With Illustrations. 12s. 6d. 

PAINTERS' COLODRS, OILS, AND VARNISHES : 


By GEORGE H. HURST, F.C.S. 

Obneral Contents.— Introductory— The Composition, Manufacture, 
Assay, and Analysis of Pigments. White. Red, Yellow and Orange, Green, 
Blue, Brown, and Black— Lakes— Colour and Paint Machinery— Paint Vehicles 
(Oils, Turpentine, &c., &c.) — Driers — Varnishes. 

^ " A THOROUGHLY PKACTICAL book. . . . Saditactorily treats of the manulacture of 
oils, coloufs, and piRments." — Ck^micai Traoet^ yournai 


In Crown Svo. Handsome Cloth. With Illustrations. 5s. 

THE PAINTER'S LABORATORY GUIDE. 

A Student's Handbook of Paints, Colours, and VaFiilshes. 

By GEORGE H. HURST, F.C.S. 

Abstract op Contents. — Preparation of Pigment Colours. — Chemical Principles 
Involved. — Oils and Varnishes. — Properties of Oils and Varnishes. — ^Tests and Experiments. 
— Plants, Methods, and Machinery of the Paint and Varnish Manufactures. 

"This excellent handbook. . . . the model of what a handbook should be."— ^i2k, 
Cdourst and DrysalUrUs. 


Third Bdition, Revised. In Crown Svo. extra. With Numerous lUustra- 
tions and Plates (some in Colours), inoluding Original Designs. 12s. 6d. 

Painting and Decorating: 

A Complete Practical Manual for House 
Painters and Decorators. 

By WALTER JOHN PEARCE, 

I.KOTDRKR AT THB MAHOBWTKB TBOHVIOAL BOBOOL ffOB HODBlC-PAnmHa AMD DBOOBAXXBO 
" A THOROUOHLY USXTUL BOOK . . . GOOD, SOUND, PRAOTIOAL nnrOB* 

MATION in a oLKAR and concise form."— P/um&er and DecoraUrr. 

** A THOROUOHLT GOOD AND RELIABLE TEXT-BOOK. . . . So FULL and 

ooMFLETB that it would be difficult to imagine how anything further oould be 
added about the Painter's cTtdt**—BuilderP Journal. 


LONDON: CHARLES GRIFFIN ft CO.. LIMITED. EXETER STREET, STRAND. 


CHBMI8TRY AND TECHNOLOOT. 8i 

Second Edition. In Large 8vo. Handsome Cloth. With 4 Plates 

and Several Illustrations. i6s. net. 

THE CHEMISTRY OF INDIA RUBBER. 

A Treatise on the Nature of India Rubber, its Chemical and Physieal Examina- 
tion, and the Determination and Valuation of India Rubber Substitates. 

Including the Outlines of a Theory on Vulcanisation, 
Bv CARL OTTO WEBER, Ph.D. 

" Replete with scientific and also with technical interest. . . . The section on physical 
properties is a complete risumi of erery thing known on the subject." — India-ryhbtr journal. 


In Handsome Cloth. Fully Illustrated. 

THE MANUFACTURE OF RUBBER GOODS. 

By ADOLF HEIL and Dr. W. ESCH. 
Translated by EDWARD W. LEWIS, A.C.G.I., F.C.S., 

Chemist to Messrs. J. G. Ingram & Son, London. 

Gbnkral Contents. — Raw Material and its Preparation. — Vulcanisation. — Rubber 
Mixings. — Manufacture of Soft Rubber Goods. — Manufacture of Hard Rubber Goods. 
— Regeneration of Waste Rubber. — Specific Gravity of Rubber Goods. — Index, 


In Large Crown 8vo. Fully Illustrated. 5s. net. 

AND THEIR ALLIED PRODUOTS, 
A Praetl&U Hanttbook for the Utanufaeturer, AgrieuituHst, and Student of Technology. 

By THOMAS LAMBERT, 

Analytical and Technical Chemist. 

Contents.— Historical. — ^frLus.— Gelatine.— Size and Isinglass.— Treatment of Efflu- 
ents produced in Glue and Gelatine Making. — Liquid and other Glues, Cements, &c. — Uses 
of Glue and Gelatine. — Residual Products. — Analysis of Raw and Finished Products.— 
Appendix.— Index. 

"A sufficient account of modem methods of working, chiefly from a practical standpoint. 
A book . . . of real value." — Chemical Neufs. 


In Large 8vo. Handsome Cloth. Fully Illustrated. 15s. net. 


A Praoticai Manual on the Analyala of Materials and Finished Products. 
By S. R. TROTMAN. M.A., F.I.C., 

Public Analyst for the City of Nottingham, Member of the International Association 

of Leather Trades' Chemists. 

Synopsis of Contents. — Standard Solutions.— Adds, Alkalies, &c. — Water. — Depilation 
and Deliming. — Fleshings, &c.— Glue.— Spent Liquors. — Mineral and Vegetable Tanning 
Agents. — Oi&. — Soaps. — Varnishes. — Skin. — Leather. — DyestufFs. — Degreasing Agents. — 
Effluents. — Glossary. — Index. 

** Mr. Trotman has admirably succeeded in his aim. . . . Practically every section 
the leather trade chemistry is gone into." — Leather Trades* Revievt. 


In Large 8vo. Handsome Cloth. With Plates and Illustrations. 7s. 6d. net. 

THE MANUFACTURE OP INK. 

A Handbook of the Production and Properties of Printing, Writing, and Copying Inks. 
By C A MITCHELL, B.A., F.LC, F.C.S., & T. C HEPWORTH. 

"Thoroughly well arranged . . . and of a genuinely practical order." — Brituh Printer. 
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Skcond Edition, Thoroughly Revised TkroughoiU. In Two Large 

I'olumea. Handsome Cloth, 

A MANUAL OP DYEING 5 

fOR THE USE OF PRACTICAL DYERS, MANUFACTURERS, STUDENTS, 
AND ALL INTERESTED IN THE ART OF DYEING, 

BT 

£. KNECHT, Ph.D., F.LC, CHR. RAWSON, F.I.Cm F.CS.. 

BMd <tf Xbm Ohcmistey Mid DjtUxxg DapArtment oi late Haad of tlis ObMnisfery and Dyaiaf DapHrli 
ih« TMhalOMl Sdiool. ManofaMtaii Idltor of "Tho of tho TMbnlaal OoUmo. Bxwliocd : MMBbi 
fowiulof tiMBodotyofDjwMaaaColovlsti;'' Ooandl of tho 8o«l«ty of Dyara aad OomoMiq 

And RICHARD LOEWBNTHAL, Ph.D. 

QiNERAL GoNTSNTS. — Chemioal Technology of the Textile Fabric**— 
Water — Washing and Bleaching — Acids, Alkalies, Mordants — Natural 
Colouring Matters— Artificial On^anio Ck>louring Matters— Mineral Coloun* 
— Machinery used in Dyeing — Tinctorial Proposes of Colouring Mattem 
Analysis and Valuation of Materials used in Dyeing, Ac, &c. 

>* "nils aathoritatiTO aad ezbMutive work ... the most ookplstb we have ye( aevnt 
•n the snbjeot"— lto«fe M<m%faeti^rw. 


In Large 8vo, Handsome Cloth, Pp, i-xv + 4O6. IBs. net. 

THE SYNTHETIC DYESTUFFS, 

AND 

THE INTERMEDIATE PRODUCTS FROM WHICH THEY ARE DERIVED. 

By JOHN CANNELL CAIN, D.Sc. (Manchestee and TtrBiNOBN), 

Technical Chemiflt, 

And JOCELYN FIELD THORPE, Ph.D. (Heidelberg), F.R.S., 
Lecturer on Colouring Matters in the Victoria University of Manchester. 

Part I. Theoretical. Part II. Praetical. Part III. Analytleal. 

'* We have no hesitation In describing this treatise as one of the most valuable books 
that has appeared. . . . Will give an impetus to the study of Organic Ofaemistry 
generally. ''--Cftemico^ I rode Journal. 


Companion Volume to KneclU cD Rawson's *< Dyeing," In Large 8vo. 
Handsome Chthy Library Style, 16s. net. 

A DICTIONARY OF 

DYES, MORDANTS, & OTHER COMPOUNDS 

USED IN DYEING AND CAUCO PRINTING. 

With FormulcBt Properties, and Applications of the various substances dsseribsdf 

and concise directions for their Commereiai Valuation, 

and for the Detection of Adulterants. 

By CHRISTOPHER RAWSON, F.I.O., F.C.S., 

Consulting Chemist to the Behar Indigo Flanten' Association : Co- Author of '* A Manual 

of Dyeing;" 

WALTER M. GARDNER, F.O.S., 

Head of fche Department of ChemiBtry and Toeing, Bradford Municipal Technical College ; 
Editor of the " Joum. 8oc. Dyers and Colourists ; " 

And W. F. LAYOOOK, Ph.D., F.C.S., 

Analytical and Consulting Chemist 
" Turn to the book as one may on any subject, or any substance in connection with the 
trade, and a reference is sure to be found The authors hare apparently left nofehlnff out ** 
—Textile Mercury. 
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In Crown 8vo. Cloth. With Numerous lUuttraiiona. 68. net. 

THE COTTON WEAVERS' HANDBOOK. 

A PraeUeai Guide to the ConstructioH and Coating of Cotton Fabrics, 

with Studies in Design. 

By henry B. HEYLIN, 

Of the Soyal Technical Institute, Salford. 

Oo^TExm —WeftTing— Designing. — Weftves.— The Power Loom and its Aooeasoriee. - 
MuilyB^ or Diseectlon of the Oloth.— Olotb Qnoting or Coeting.— DivleioD of the Ootton 
Indutrym England.— Yams for Mannfactnring Pnrpoees.—The Selection of ^'arp Yams 
and Yarn Testing.— Bead and Heald (Counting and Ghftlcnlatlons.— Important Labour 
Units in a Wearing MilL—Hlsoellany.- Illustrations of Maohlnery.— Examination Ques- 
tions.— Indsz. 

*' Mr. Heylln's text-book is a rery reliable one. It is difficult to mark out any special 
points among so much exoellent mutter.*'— />y«r ami Calico Printer, 


Large 8vo. Profusely IIluBtrated with Plates and Figures in the Text* 

168. net. 

THE SPINNING AND TWISTING OF LONG 

VEGETABLE FIBRES 

(FLAX. HEMP, JUTE, TOW, A RAMIE). 

A Praotieai itanual of the most Modern Methods as applied to the HacMIng, Carding 
Preparing, Spinning, and Twisting of the Long Vegetable Fibres of Commerce. 

Bt HERBERT R. CARTER, Belfast and Lille. 

Obnbral Contkhts.— Long Vegetable Fibres of Commerce.— Rise and Growth of 
the Spinning Indostry.— Baw Fibre Markets.— Purchasing Baw liaterlaL— Storing and 
Preliminary Operattons.— Hackling.— Sorting.— PreiMtring.— Tow Cazding and Mluog.— 
Tow Combing.— Gill Spinning.— The RoTing Frame.— Dry and Demi-sec Spinning.-Wet 
Spinning.— Spinning Waste.— Yam Reeling.— Manufacture of Threads, Twines, and 
Cords.— Rope Making.— The Mechanical Department.— Modem Mill Constraotion.- 
Steam and Water Power.— Power Transmission. 

" Meets the requirements of the Mill Manager or Advanced Student in a manner 
perhaps more than satisfactory. . . . We must highly commend the work as repre- 
senting up-toHlate practice."— iV^aeure. 

hi Largt 8vo, Handsome Cloth, with Numerous lUustrcUions, 9s, net. 

TEXTILE FIBRES OF COMMERCE. 

A HANDBOOK OF 

The Occurpence, Distribution, Ppeiiaratlon, and Industrial Uses of the 
Animal, Vesretable, and Mineral Produets used in Spinnlner and Weaving 

By WILLIAM I. HANNAN, 

Lecturer on Botany at the Asbton Mnnieipal Technical School, Lecturer on Cottou 
Spinning at the Ohorley Science and Art School. Ac 
** DsanTL Ikfobkatior. . . . Admibablb iLLnsmanoirs. . . .'^—Tixtite Recorder. 


In Laige 8vo, with Illustrations and Printed Patterns. Price ais. 

A PBACTICAIi MAirXTAIi. 
Indndiiig the Processes Used in the PiintliiK ot 

COTTON, WOOLLEN, SILK, and HALF- 
SILK FABBICS. 
Bt C. p. SETMOUK ROTHWELL, F.C.S., 

Hem, 80c, ef Chem. Ind. ; laU Lecturer at the Mumie. Tech. School. Manchesier. 
" Bt fab ths bbst and most paaonoAL book on tbxtxlb panrmro which has vet been 
brought ont, and will long remain the standard work on the snbleol*'— gfextffa Iferctirf. 
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S4 CHARLES ORIFFIN A GO/S PUBLICATIONS. 

Large 8vo. Handsome Cloth. 12g. 6d. 

BLEACHING & GALIGO-PRINTINa 

A Short Manual for Students and 

Practical Men. 


By GEORGE DUERR, 

iching. Dyeing, and Printtnff Department at the Aec..^ 

Teehnlcal Schools ; Ohemlst and Coloariit at the Irwell Print Worki. 


Otareetor ofthe Uleaching. ,P7elng,^d P^^tii^ Departmrat^at^ttM^eerinston and Bacap 


Assisted bt WILLIAM TURNBULL 

(of Tnrnball ft Btockdale. Limited). 

With ninstratioiui and upwards of One Hundred Dyed and Printed Patterns 
designed speoially to show various Stages of the Processes described. 

GENERAL CONTENTS. -Cotton, Composition of; Bleachiko, New 
Processes ; PKQVTiif a, Hand-Block ; Ilat-Press Work ; Machine Printing— 
Mordamtb—Sttlis of Calicx>-Pbintiko : The Dyed or Madder Style, Resist 
Padded Style, Discharge and Extract Style, Chromed or Raised Colours, 
Insoluble Colours, ftc — Thickeners — Natural Organic Colouring Matters 
— Tannin Matters — Oils, Soaps, Solvents — Organic Acids — Salts — Mineral 
Colours— Coal Tar Colours— Dyeing— Water, S<ntening of— Theory of Cokrars 
—Weights and Measures, Ac. 

** When a uadt way out of a diffloalty la wanted. It is is soon lixb f rm that it Is foand."— 
TmtiU Bteorder. 

"Kr. DuiSB's woKK will be foond most usbtvl. . . . The information given la of osbav 
«fAi.UB. . . . The Beolpes are THoaouoHLT PBAOTICAL."— r«aBM2< Jiranw/teeturer. 


In Handsome Cloth. With 76] Illustrations. 5s. net. 

DYEING AND CLEANING. 

By frank J. FARRELL, M.Sc, <fec. 

Genbral Contents.— Technology of the Textile Fibres. — Dry 
Cleaning. — Wet Cleaning. — Dyeing. — Dry Dyeing. — Special Methods, 
Cleaning and Dyeing Skin Rugs, Feathers, and Hats.— Finishing. — 
Appendices. — Index. 

** A timely and valuable contribution . • . well got up in every way."— Dy«r and 
■Ccblieo Printer. 
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INTRODUOrORT SCIENCE SERIES. 85 


"BofB oouu> aoT RATI ▲ MOSB ALLUBiRa nTBODUoxioa to sotaDtUte ponuiu 
filuui tlioN duurmlng-lookiiig Tolnmet."— Letter to the PnbUihen fran the Heed' 
■laiter of -one of cor greet PaoUc Sehoole. 

HandaoDM Cloth, 78. 6d. Gilt, for Presentation, 8*. 6d. 

OPE]i-AItl STUDIES 111 BOTAllY: 

SKSTCHS8 OF BBIT I8H WILD FLOWSBS 

nr THSIS HOMES. 

By R. LLOYD PRAEGER, B.A., MLR.LA. 

Illnstrated by Drawings from Nature by S. Rosamond Praeger, 

and Photographs by R. Weleh. 

Gbhsbal C0NTKNT8.— a DMfly-Stured Paatnre— Under tlie Hawthonu 
^By the Kiver— Along vhe 8hingl»— A Fragrant Hedgerow— A Connemara 
Bog — ^Where the Samphire flrows — ^A Flowery Meadow — Among the Com 
(a Stady in Weedi)— In the Home of the Alpinee— A City Rubbish-Heap— 
Oloaeary. 

"A ntHH ▲■!> BXiMULAXDie book . . . shoold take a hjgh piece . . . The 
llliiitvatloiie ere drawn with much MiXL"—Tks Timsi. 

"BiAUTiTULLT iLLmnLATSD. . . . One of the MOST AOOuaAn ee well ee 
nraiavcnie booki of the kind we hare wemL"—Atken4Bum. 

"Bedoleot with the loent of woodland and meadow. "~Tft« SUmdmrd, 


Wnk 12 Full-Page lllustratlona from Photographs. Cloth, 
Second Edition, Rovised. 8b. 6d, 

OPEjl-AlH STUDIES ID GEOItOGY: 

An Introduetion to Geology Oat-of-4oor8L 

By GRENVILLE A. J. COLE, F.G.S.. M.R,LA., 

Profeeeor of Geology in the Boyal College of Sdenoe for Ireland, 
and Sxaminer in tiie Univeraity of London. 

GufBaAL CoNTSNTS. — The Material! of the £arth — A Mountain Hollow 
—Down the Valley — Along the Shore — Across the Plains — Dead Voloanoee 
—A Granite Highland— The Annals of the Earth— The Surrey Hilla— 'J he 
if olds of the Mountains. 


a' 


The FABonrATDiG *Opb«-Aik >STODin' of Paor Ools fftye the sabjeet a olow ow 
uiiMAnoH . . . oaonot fail to arouse keen latereet in g^of^jy—Qtological MagtkM 
" A, OBABicoro BOOC« beAutifnliy iiloatrated " -Athtnmitm. 


Beautifully Illustrated, With a Frontispiece in Colours, and Numerou» 
Speoially Drawn Plates by Charles Whymper. 7s. 6d. 

OPEjl-AItl STUDIES qi BIRD-LIFE: 

SKETCHES OF BRITISH BIRDS IN THEIR HAUNTS. 
By CHARLES DIXON. 

The Spacious Air. — The Open Fields and Downs. — In the Hedgerows.— On 
Open Heath and Moor.— On the Mountains. — Amongst the Evergreens.— 
Copse and Woodland.— By Stream and Pool.— The Sandy Wastes and Mud 
flat8.^Sea-lav6d Rocks.— Birds of the Cities.— Indkz. 

" Enriched with excelleat illustratioas. A welcome addition to all iibrarieft." — fVfti- 
m. HsUr Rtvitw. 
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CHARLES GRIFFIN d: GO.'S PUBLICATIONS. 


Twenty-fifth Annual Issue. Handsome ototh, 78. 6d. 

(To Subscribers, ds,) . 

THE OFFICIAL YEAR-BOOK 

or THE 

SCIENTIFIC AND LEARNED SOCIETIES OF GREAT BRITAIN 

AND IRELAND. 

OOKPUiED FBOK OFFIOIAL SOUaOBB. 

Oompriaing {together witk other Offiolal Information) LISTS of tht 
PAPERS read during the Seeeion 1907-1908 before all the LEADING 
SOCIETIES throughout the Kingdom engaged in the following Depart- 
mentB of Reeearoh :— 

i 6. Economic Scienoe and Stetistics. 

i J. Mechanical Science, Engineering, and' 

Architecture. 
i 8. Naval and Militanr Soenoe. 
i 9. Agriculture and Hoiticultmre. 
i la Law. 
«4xx. Literature 
I xa. Fsfchology. 
9x3. AzchflBok^. 


i 1. SdenoeGenexaUy; i^.. Societies occupy- 
ing thanielves with several Branches of 
Soence, or with Science and Literature 
Jointly. 

fa. ilathftinafics and Physics. 

I I. CSiemistry and Photography. 

i 4. Geology, Geography, and Mineralogy* 

I u Biology, indtiding Mi c ro s copy ana Ab- 
thropology. 


f 14. Mbdicinb. 


"Fills a very real want." — Enginuring, 

*' Indispensable to any one who may wish to keep himself 
abreast of the scientific work of the day." — Edinburgh Medical 
Jaurncd, 


<• 


The Ybax-Book or Socnmss is a Record which ougitt to be of the greatest use *ok 
the progress of Science.'' —Z>»rrf PlmffMr, F.R.a., K.CB., M.P„ Ptut-PmUUnt #/ ilu 
BrUUh A$Mciati^H. 

"It goes almost without saying that a Handbook of this subject will be in tinr 
one of the most generally useful works for the li brary o r the desk. **— TA/ Timts. 


"'TnST'SoaeSSaie^ow' waii repreaentia in the 'Yea^Bo<Jc of the Sdentific and 

Learned Societies of Great Britam and Ireland. "WArt. "Societies 
" BncydopsMiia Britannira/' voL xxii) 


in New Sditioo o' 


Copies of the First Issue, giving an Account of the History, 
Organization, and Conditions of Membership of the various 
Societies, and forming the groundwork * of the Series, may still be 
had, price 7/6. A/sa Copies of the Issues following. 


The YKAj^jBooi^i^ociKTiES forms a complete impbx to th» scisMTiyic woric of the 

«essiona^«i^^n^rar»uslJepartment8. It is used as a Handbook in all our greaa 
SciSNTiPic Ckntrks, Mosbums, and Libraries throughout the Kingdom, and has become- 
an iWDisPKMSABLB BOOK OF RBFKRBWCB to every one engaged in Sdentific Work. 
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